~ 
MM54HC/74HC 
HIGH-SPEED. 
a CMOS FAMILY DATABOOK 


High Speed CMOS AC Diagrams 


Application 
Notes 


MM54HC/MM74HC 
Data Sheets 


MM54HCT IMM74HCT 
Data Sheets 


Ordering 
and Package 
Information 


Abuseable™ 


Anadig™ 


Auto-Chem 
Deflasher™ 


BI-FETTM 


BLC/BLXTM 


CIMTM 


CIMBUSTM 


CIM-BDTM 


CIM-XXXTM 


COPSTM microcontroilers 


DIBTM 


DIGITALKERTM 


DISCERNTM 


DNRTM 


DPVMTM 


E-Z-L1NKTM 


HEX3000™ 


ISETM 


Integral 
ISETM 


IntelisplayTM 


ISE-16™ 


M2CMOSTM 


Macrocomponent™ 


Microbus™ 
data bus (adjective) 


microCMOSTM 


MICROWIRETM 


MICRO-DACTM 


MSTTM 


Nitride PIUS™ 


Nitride Plus Oxide™ 


NSC800™ 


NS16000TM 


NSX-16TM 


NURAMTM 


OXISSTM 


p2CMOSTM 


Perfect Watch™ 


Polycraft™ 


POSitalker™ 


QUAD3000™ 


RATTM 


Shelf-ChekTM 


SERIES/800TM 


SPIRETM 


Starlink™ 


STARPLEXTM 


STARPLEX 
IITM 


SuperChipTM 


SYS-16™ 


TAPE-PAKTM 


Trapezoidal™ 


TRI-CODETM 


TRI-POLYTM 


TRI-SAFETM 


XMOSTM 


XPUTM 


Z STARTM 


883B/RETSTM 


883S/RETSTM 


The National 
Anthem!!> 


Datachecker!!> 


Maxi-ROM!!> 


TRI-STATE!!> 


LIFE 
SUPPORT 
POLICY 


NATIONAL'S 
PRODUCTS 
ARE 
NOT 
AUTHORIZED 
FOR 
USE 
AS 
CRITICAL 
COMPONENTS 
IN 
LIFE 
SUPPORT 
DEVICES 
OR 
-SYSTEMS 
WITHOUT 
THE 
EXPRESS 
WRIDEN 
APPROVAL 
OF 
THE 
PRESIDENT 
OF 
NATIONAL 
SEMICONDUCTOR 
CORPORATION. 
As used 
herein: 


1. 
Life 
support 
devices 
or 
systems 
are 
devices 
or 
systems 
which, 
(a) are 
intended 
for 
surgical 
implant 
into the body, or (b) support 
or sustain 
life, and whose 
failure 
to perform, 
when 
properly 
used 
in accordance 
with 
instructions 
for use 
provided 
in the 
labeling, 
can 
be reasonably 
expected 
to result 
in a significant 
injury 


to the user. 


2. A 
critical 
component 
is 
any 
component 
of 
a 
life 
support 
device 
or system 
whose 
failure 
to perform 
can 
be reasonably 
expected 
to cause 
the failure 
of the life 
support 
device 
or 
system, 
or 
to 
affect 
its 
safety 
or 
effectiveness. 


National 
Semiconductor 
Corporation 
2900 Semiconductor 
Drive, 
Santa 
Clara, California 
95051 
Tel: (408) 721-5000 
TWX: (910) 339-9240 


National 
does not asst.me 
any responsibility for use of any circuitry descri>ed, 
no cira.it 
patent 
licenses are implied 
and National 
reserves 
the right at any time without notice 10 change 
said circuitry and specffications. 


This comprehensive databook provides information on 
National 
Semiconductor's 
MM54HC/MM74HC 
high 
speed CMOS family of SSI/MSI/LSI 
logic components. 
The 
family 
utilizes 
microCMOSTM Technology· 
to 
achieve the input and power supply characteristics of 
CD4000B CMOS with the high speed and large output 
drive of 54LS/7 4LS logic. This combination enables the 
construction of very high thru-put low power systems. 
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The MM54HC/MM74HC family has the same pin-out as 
equivalent 54LS/7 4LS functions, in addition, many popu- 
lar CD4000 series logic functions are offered where no 
equivalent TIL function exists. Also, this high speed logic 
family incorporates a growing number of new functions 
not previously implemented in either a CMOS or TIL log- 
ic family. 
The MM54HCTIMM7 4HCT are a subfamily of MM54HCI 
MM74HC 
offering 
TTL 
compatible 
inputs. 
These 
MM54HCTIMM7 4HCT devices offer convenient TIL lev- 
el translation to CMOS for those interface points where 
only TIL levels are provided, i.e. NMOS microprocessor 
bus, 54S/7 4S, 54ALS/7 4ALS, etc. 
The broad line of MM54HC/MM74HC functions greatly 
simplifies the task of designing complete high speed sys- 
tems in CMOS. 


• National's microCMOSTMTechnology consists 
of N & P well, oxide-isolated processes with 1, 2 
or 3 layers of metal and 1, 2 or 3 layers of poly- 
silicon using either 2, 2.5, 3 or 3.5 micron fea- 
tures-leading 
to 1 micron and sub-micron in 
the future. 


Quality and Reliability 


As electronic systems become more and more complex, 
the need for consistently high quality integrated circuits 
becomes increasingly important. Having recognized this 
need as far back as the 1970s, National Semiconductor 
initiated a unique, company-wide Quality Improvement 
Program. The results have been dramatic and, we be- 
lieve, unmatched in this industry. Over the years, Nation- 
al has regularly been named by many major customers 
as "Quality Manufacturer of the Year." We are proud of 
our success, which sets a standard for others to achieve. 
And yet our quest for perfection is ongoing, so that cus- 
tomers can continue to rely on National Semiconductor 
integrated circuits and products in their system designs. 
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MM54HCT374/MM74HCT374 
Octal Tri-State 
0 Flip-Flop 
(TTL Input) 
5-35 


MM54HCT640/MM74HCT640 
Inverting 
Octal Tri-State 
Transceiver 
(TTL Input) 
, 
, 
5-40 


MM54HCT643/MM74HCT643 
True/Inverting 
Octal Tri-State 
Transceiver 
(TTL Input) 
5-40 


MM54HCT688/MM74HCT688 
8-Bit Equality 
Comparator 
(TTL Input) 
....................•....................... 
5-43 


NATIONAL'S 
A + Program 
, 
, 
, 
, 
6-2 


NATIONAL'S 
B+ 
Program 
, .. , 
6-4 


NATIONAL'S 
Military 883/38510 
Program 
, 
6-6 
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MM54HCOO/MM74HCOO 
Quad 2-lnput 
NAND Gate 
...........................•................................ 
4-2 


MM54HCTOO/MM74HCTOO 
Quad 2-lnput 
NAND Gate (TTL Input) ..................•..........•..•............... 
5-2 


MM54HC02/MM74HC02 
Quad 2-lnput 
NOR Gate ........................................................•..... 
4-5 


MM54HC03/MM74HC03 
Quad 2-lnput 
Open Drain NAND Gate ..........................•..•.................... 
4-8 


MM54HC04/MM74HC04 
Hex Inverter 
.............................•............................•.....•...... 
4-14 


MM54HCT04/MM74HCT04 
Hex Inverter 
(TTL Input) 
.........................................•.....•........... 
5-5 


MM54HCU04/MM74HCU04 
Hex Unbuffered 
Inverter 
4-11 


MM54HCT05/MM74HCT05 
Hex Inverter 
with Open Drain Outputs 
(TTL Input) 
..........•.......................... 
5-8 


MM54HC10/MM74HC10 
Triple 3-lnput 
NAND Gate .................................•.......................... 
4-20 


MM54HC14/MM74HC14 
Hex Schmitt 
Trigger ............................................•.................... 
4-26 


MM54HC20/MM74HC20 
Dual4-lnput 
NAND Gate 
.......•..•................................................. 
4-29 


MM54HC27/MM74HC27 
Triple 3-lnput 
NOR Gate 
..........................................•...........•..... 
4-32 


MM54HC30/MM74HC30 
8-lnput 
NAND Gate ..................•....•..•...................................... 
4-35 


MM54HC133/MM74HC133 
13-lnput 
NAND Gate ............•..................................•............. 
.4-94 


AND/OR 
Gates 


MM54HC08/MM74HC08 
Quad 2-lnput 
AND Gate 
.4-17 


MM54HC11/MM74HC11 
Triple 3-lnput 
AND Gate 
4-23 


MM54HC32/MM54HC32 
Quad 2-lnput 
OR Gate 
4-38 


MM54HCT34/MM74HCT34 
Hex Non-Inverting 
Gate (TTL Input) 
5-10 


MM54HC4002/MM74HC4002 
Dual4-lnput 
NOR Gate 
4-340 


MM54HC4075/MM74HC4075 
Triple 3-lnput 
OR Gate 
4-376 


MM54HC4078/MM74HC4078 
8-lnputORINOR 
Gate 
4-379 


AND-oR 
Gates 


MM54HC51/MM74HC51 
Dual AND-OR-Invert 
Gate 
................................•.....•.................... 
4-44 


MM54HC58/MM74HC58 
Dual AND-OR 
Gate ......................................•..•....................... 
4-44 


Logic 
Level 
Converters 


MM54HC4049/MM74HC4049 
Hex Inverting 
Logic Level Down Converter 
.............................•..•...... 
4-358 


MM54HC4050/MM74HC4050 
Hex Logic Level Down Converter 
...............................•............... 
4-358 


MM54HC86/MM74HC86 
Quad Exclusive 
OR Gate 
.4-65 


MM54HC266/MM74HC266 
Quad 2-lnput 
Exclusive 
NOR Gate 
...............................•.......•.. 
_ 
4-221 


Schmitt 
Triggers 


MM54HC14/MM74HC14 
Hex Schmitt 
Trigger 
..............................................•.•..•............ 
.4-26 


MM54HC132/MM74HC132 
Quad 2-lnput 
Schmitt 
Trigger ......•............................•................... 
4-91 


MM54HC125/MM74HC125 
Quad Tri-State 
Non-inverting 
Buffer ...............•......................•..•...... 
.4-88 


MM54HC126/MM74HC126 
Quad Tri-State 
Non-inverting 
Buffer .............................•................... 
4-88 


MM54HC240/MM74HC240 
Inverting 
Octal Tri-State 
Buffer ..................................•................. 
4-190 
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Trl-State Buffers and Transceivers (Continued) 


MM54HCT240/MM74HCT240 
Inverting 
Octal Tri-State 
Buffer (TTL Input) 
....•..•................................ 
5-28 


MM54HC241/MM74HC241 
Octal Tri-State 
Buffer 
.4-190 


MM54HCT241/MM74HCT241 
Octal Tri-State 
Buffer (TTL Input) .........................•..•..•.....•.....•..... 
5-28 


MM54HC242/MM74HC242 
Inverting 
Quad Tri,State 
Transceivers 
..................•..•..•..•.....•.....•...... 
4-195 


MM54HC243/MM74HC243 
Quad Tri-State 
Transceivers 
............•......................................... 
4-195 


MM54HC244/MM74HC244 
Octal Tri-State 
Buffer ...................•........................................ 
4-200 


MM54HCT244/MM74HCT244 
Octal Tri-State 
Buffer (TTLinput) 
.......•........................................ 
5-28 


MM54HC245/MM74HC245 
Octal Bidirectional 
Transceiver 
4-204 


MM54HCT245/MM74HCT245 
Octal Bidirectional 
Transceiver 
(TTL Input) 
5-32 


MM54HC365/MM54HC365 
Hex Tri-State 
Buffer 
.............................•..........................•.... 
4-256 


MM54HC366/MM54HC366 
Inverting 
Hex Tri-State 
Buffer ...............•..•.............................•... 
.4-256 


MM54HC367/MM54HC367 
Hex Tri-State 
Buffer 
.............................................•.......•..•.... 
4-256 


MM54HC368/MM54HC368 
Inverting 
Hex Tri-State 
Buffer 
.4-256 


MM54HC540/MM74HC540 
Inverting 
Octal Tri-State 
Buffer ..............•.................................... 
.4-285 


MM54HC541/MM74HC541 
Octal Tri-State 
Buffer 
.........................•........•..•.....•..•............. 
4-285 


MM54HC640/MM74HC640 
Inverting 
Octal Tri-State 
Transceiver 
.................•..•.....•.....•..•..•..•..... 
4-315 


MM54HCT640/MM74HCT640 
Inverting 
Octal Tri-State 
Transceiver 
(TTL Input) 
.....................•..•..•....... 
5-40 


MM54HC643/MM74HC643 
True/Inverting 
Octal Tri-State 
Transceiver 
4-315 


MM54HCT643/MM74HCT643 
Truellnverting 
Octal Tri-State 
TTansceiver 
(TTL Input) ................•..•..•....... 
5-40 


MM54HC646/MM74HC646 
Octal Tri-State 
Bus Transceiver/Latch 
........................•.................... 
4-319 


MM54HC648/MM74HC648 
Inverting 
Octal Tri-State 
Bus Transceiver/Latch 
................•..•..•.............. 
4-319 


Analog Switches 


MM54HC4016/MM74HC4016 
Quad Bilateral 
Analog 
Switch 
..........•.......................•..•..•..•..•.... 
4-343 


MM54HC40511MM74HC4051 
8 Channel 
Analog 
Multiplexer 
4-361 


MM54HC4052/MM74HC4052 
Dual 4 Channel 
Analog 
Multiplexer 
.........................•.................... 
4-361 


MM54HC4053/MM74HC4053 
Triple 2 Channel 
Analog 
Multiplexer 
......•..............•..•..•..•..•.....•..... 
4-361 


MM54HC4066/MM74HC4066 
Quad Bilateral 
Analog 
Switch 
4-371 


MM54HC4316/MM74HC4316 
Quad Bilateral 
Analog 
Switch 
.............................•..................... 
4-382 


MM54HC4351/MM74HC4351 
8 Channel 
Analog 
MUltiplexer 
with Latches 
.............•..•........•..•..•....... 
4-387 


MM54HC4352/MM74HC4352 
Dual 4 Channel 
Arialog 
Multiplexer 
with Latches 
4-387 


MM54HC4353/MM74HC4353 
Triple 2 Channel 
Analog 
Multiplexer 
with Latches 
.4-387 


Display Drivers 


MM54HC4511/MM74HC4511 
BCD-to-7 
Segment 
Latch/Decoder/Driver 
.............................•..•..•.... 
4-394 
, 


MM54HC4543/MM74HC4543 
BCD-to-7 
Segment 
Latch/Decoder/Driver 
for Liquid Crystal 
Displays 
4-409 


MM54HC85/MM74HC85 
4-Bit Magnitude 
Comparator 
.....•................•..•.............................. 
.4-61 


MM54HC181/MM74HC181 
4-Bit Arithmetic/Logic 
Unit ..................•.......•..•..•..•.................... 
4-150 


MM54HC182/MM74HC182 
4-Bit Look Ahead Carry Generator 
........•...................•..•..•..•..•..•..... 
4-158 


MM54HC280/MM74HC280 
9-Bit Odd/Even 
Parity Generator 
.......•............................•..•......•.. 
.4-227 


MM54HC283/MM74HC283 
4-Bit Binary Adder 
.........................•..•..........•........•........•.... 
4-230 
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Arithmetic 
Clrcultsl 
Addersl 
ALU 
(Continued) 


MM54HC688/MM74HC688 
8-Bit Equality Comparator 
............................•........................... 
4-325 


MM54HCT688/MM74HCT688 
8-Bit Equality Comparator 
(TTL Input) 
.........................•..•..•..•......... 
5-43 


MM54HC4560/MM74HC4560 
4-Bit NBCD Adder 
4-413 


Monostable 
Multlvlbrators/Osclllators 


MM54HC123/MM74HC123 
Dual Retriggerable 
Monostable 
Multivibrator 
4-83 


MM54HC221/MM74HC221 
Dual Monostable 
Multivibrator 
4-181 


MM54HC423/MM74HC423 
Dual Retriggerable 
Monostable 
Multivibrator 
4-274 


MM54HC4046/MM74HC4046 
Phase Lock Loop ........................................•..•.....•..•..•.... 
.4-357 


MM54HC4538/MM74HC4538 
Dual Retriggerable 
Monostable 
Multivibrator 
4-403 


MM54HC42/MM74HC42 
BCD-to-Decimal 
Decoder 
...........................•........•..•..•..•............. 
.4-41 


MM54HC1371MM74HC137 
3-to-8 
Line Decoder 
with Address 
Latches 
........•.....•............................ 
4-97 


MM54HC138/MM74HC138 
3-to-8 Line Decoder 
.4-101 


MM54HCT138/MM74HCT138 
3-to-8 Line Decoder 
(TTL Input) .............................•...........•..•..... 
5-19 


MM54HC139/MM74HC139 
DuaI2-to-4 
Line Decoder 
................................................•........ 
4-104 


MM54HCT139/MM74HCT139 
Dual 2-to-4 Line Decoder 
(TTL Input) 
.............•....................•.......... 
5-22 


MM54HC1471MM74HC147 
10-to-4 Line Priority Encoder 
4-107 


MM54HC149/MM74HC149 
8-to-8 
Line Priority Encoder 
4-110 


MM54HCT149/MM74HCT149 
8-to-8 Line Priority Encoder 
(TTL Input) 
5-25 


MM54HC154/MM74HC154 
4-to-16 Line Decoder 
...............................•..•..•..•...........•....... 
.4-119 
• 


MM54HC237/MM74HC237 
3-to-8 Decoder 
with Address 
Latches 
....................•..............•.......... 
4-186 


MM54HC4514/MM74HC4514 
4-to-16 Decoder 
with Address 
Latches 
4-399 


Multiplexers 


MM54HC151/MM74HC151 
8 Channel 
Multiplexer 
4-113 


MM54HC153/MM74HC153 
Dual 4 Channel 
Multiplexer 
......•................................................. 
4-116 


MM54HC1571MM74HC157 
Quad 2 Channel 
Multiplexer. 
4-123 


MM54HC158/MM74HC158 
Quad 2 Channel 
Multiplexer 
with Inverting 
Outputs 
4-123 


MM54HC251/MM74HC251 
8 Channel 
Tri-State 
Multiplexer 
.......................................•..•..•...... 
4-208 


MM54HC253/MM74HC253 
Dual 4 Channel 
Tri-State 
MUltiplexer 
.....••.......•..•.......................•..... 
4-211 


MM54HC257/MM74HC257 
Quad 2 Channel 
Tri-State 
Multiplexer 
4-214 


MM54HC298/MM74HC298 
Quad 2 Channel 
Multiplexer 
with Latches 
4-240 


MM54HC354/MM74HC354 
8 Channel 
Tri-State 
Multiplexer 
with Latches 
.............................•..•...... 
4-249 


MM54HC356/MM74HC356 
8 Channel 
Tri-State 
Multiplexer 
with Latches 
.............................•......... 
4-249 


Flip-Flops 


MM54HC73/MM74HC73 
Dual J-K Flip-Flop 
with Clear .................................•....................... 
4-47 


MM54HC74/MM74t-iC74 
Dual D Flip-Flop 
with Preset and Clear 
................................•.............. 
.4-51 


MM54HCT74/MM74HCT74 
Dual D Flip-Flop 
with Preset and Clear (TTL Input) ........•..•........................ 
5-13 


MM54HC76/MM74HC76 
Dual J-K Flip-Flop 
with Preset and Clear ..........................•................... 
.4-57 
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Flip-FlopS 
(Continued) 


MM54HC107/MM74HC107 
Dual J-K Flip-Flop 
with Clear 
'. .4-68 


MM54HC109/MM74HC109 
Dual J-K Flip-Flop 
with Preset and Clear 
4-72 


MM54HCT109/MM74HCT109 
Dual J-K Flip-Flop 
with Preset 'and Clear (TTL Input) 
5-16 


MM54HCl12/MM74HCl12 
Dual J-K Flip-Flop 
with Preset and Clear 
4-75 


MM54HCl13/MM74HCl13 
Dual J-K Flip-Flop 
with Preset 
4-79 


MM54HC173/MM74HC173 
Tri-State 
0 Quad Flip-Flop 
.............•.......................................... 
4-139 


MM54HC174/MM74HC174 
Hex 0 Flip-Flop 
with Clear 
................................................•..•.... 
4-143 


MM54HC175/MM74HC175 
Quad 0 Flip-Flop 
with Clear ...............•. 
, 
4-146 


MM54HC273/MM74HC273 
Octal 0 Flip-Flop 
with Clear 
.4-224 


MM54HC374/MM74HC374 
Octal Tri-State 
0 Flip-Flop 
..............................................•........ 
4-266 


MM54HCT374/MM74HCT374 
Octal Tri-State 
0 Flip-Flop 
(TTL Input) ................•..•.....•..•..•............ 
5-35 


MM54HC534/MM74HC534 
Octal Tri-State 
0 Flip-Flop 
with Inverting 
Outputs 
4-282 


MM54HC564/MM74HC564 
Octal Tri-State 
0 Flip-FlOp with Inverting 
Outputs 
................•..•..•..•.......... 
4-291 


MM54HC574/MM74HC574 
Octal Tri-State 
0 Flip-Flop 
.................................................•..... 
4-297 


MM54HC75/MM74HC75 
4-Bit Bistable 
Latch with Q and Q ...........•.................•..•..•..•............. 
.4-54 


MM54HC259/MM74HC259 
8-Bit Addressable 
Latch 
.................•..•.................................... 
4-217 


MM54HC373/MM74HC373 
Octal Tri-State 
0 Latch 
........................................•................. 
4-263 


MM54HCT373/MM74HCT373 
Octal Tri·State 
0 Latch (TTL Input) 
; 
5-35 


MM54HC533/MM74HC533 
Octal Tri·State 
0 Latch with Inverting 
Outputs 
..........................•.....•..... 
4-279 


MM54HC563/MM74HC563 
Octal Tri-State 
0 Latch with Inverting 
Outputs 
4-288 


MM54HC573/MM74HC573 
Octal Tri·State 
0 Latch 
...........................................•..•..•..•..... 
4-294 


MM54HC160/MM74HC160 
4-Bit Synchronous 
Decade 
Counter 
.....•..•....................•.....•............ 
4-127 


MM54HC161/MM74HC161 
4-Bit Synchronous 
Binary COunter. 
............•..•..............•.....•............ 
4-127 


MM54HC162/MM74HC162 
4-Bit Synchronous 
Decade 
Counter 
........•...........•..•..•.....•............... 
4-127 


MM54HC163/MM74HC163 
4-Bit Synchronous 
Binary Counter 
....................................•............ 
4-127 


MM54HC190/MM74HC190 
4-Bit Synchronous 
Decade 
Up/Down 
Counter 
..........•..•........•................ 
4-161 


MM54HC191/MM74HC191 
4-Bit Synchronous 
Binary Up/Down 
Counter 
......•...........•...........•..•....... 
4-161 


MM54HC192/MM74HC192 
4-Bit Synchronous 
Decade 
Up/Down 
Counter 
4-167 


MM54HC193/MM74HC193 
4-Bit Synchronous 
Binary Up/Down 
Counter 
4-167 


MM54HC292/MM74HC292 
31-Bit Programmable 
Frequency 
Divider 
4-234 


MM54HC294/MM74HC294 
15-Bit Programmable 
Frequency 
Divider 
4-234 


MM54HC390/MM74HC390 
Dual 4-Bit Decade 
Counter 
......................•................................ 
4-269 


MM54HC393/MM74HC393 
Dual4-Bit 
Binary Counter 
4-269 


MM54HC4017/MM74HC4017 
Decade 
Counter 
Divider with 10 Decoded 
Outputs 
4-348 


MM54HC4020/MM74HC4020 
14 Stage Binary Counter 
.4-352 


MM54HC4024/MM74HC4024 
7 Stage Binary Counter 
' 
4-352 


MM54HC4040/MM74HC4040 
12 Stage Binary Counter 
.............•..•...................................... 
4-352 


MM54HC4060/MM74HC4060 
14 Stage Binary Counter 
...................•..•................................ 
4-367 


MM54HCl64/MM74HCl64 
8-Bit Serial-In 
Parallel-out 
Shift Register 
..................................•......... 
4-132 


MM54HC165/MM74HC165 
8-Bit Parallel-In 
Serial-Out 
Shift Register 
...........................•...•........... 
.4-135 


MM54HC194/MM74HC194 
4-Bit Bidirectional 
Shift Register 
............•...................................... 
4-173 


MM54HC195/MM74HC195 
4-Bit Parallel-In 
Shift Register 
...........•..•...................................... 
4-177 


MM54HC299/MM74HC299 
8-Bit Universal 
Shift Register 
4-244 


MM54HC589/MM74HC589 
8-Bit Tri-State 
Parallel-In 
Serial-Out 
Shift Register 
with Latches 
4-300 


MM54HC595/MM74HC595 
8-Bit:rri-State 
Serial-In 
Parallel-Out 
Shift Register 
with Latches 
4-305 


MM54HC597/MM74HC597 
8-BitTri-State 
Serial-In 
Parallel-Out 
Shift Register 
with Latches 
................•...... 
4-310 


MM74HC942 
300 Baud Modem 
(+5, 
-5 
Volt Supply) 
4-328 


MM74HC943 
300 Baud Modem 
(5 Volt Supply) 
4-334 
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Production 
Device 
Function 
Production 
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Availability 


MM54HC/74HCOO 
Quad 2-lnput 
NAND 
Now 
MM54HC174HC113 
Dual J-K Flip-Flops 
Now 
Gate 
w/Preset 


MM54HC17 4HC02 
Quad 2-lnput 
NOR 
Now 
MM54HC17 4HC123 
Dual Retrigger 
Now 
Gate 
Monostable 


MM54HC17 4HC03 
2-lnput 
NAND Gate 
3Q'83 
Multivibrator 


(Open Drain) 
MM54HC174HC125 
Quad TRI-sTATE 
Now 


MM54HC17 4HC04 
Hex Inverter 
Now 
Buffer (Low Enable) 


MM54HC17 4HCU04 
Hex Inverter 
Now 
MM54HC174HC126 
Quad TRI-sTATE 
Now 


(Unbuffered) 
Buffer (High Enable) 


MM54HC17 4HC08 
Quad 2-lnput 
AND 
Now 
MM54HC174HC132 
Quad 2-lnput 
NAND 
Now 


Gate 
Schmitt 
Trigger 


MM54HC174HC10 
Triple 3-lnput 
NAND 
Now 
MM54HC174HC133 
13-lnput 
NAND Gate 
Now 


Gate 
MM54HC17 4HC137 
1 to 8 w/Latch 
3Q'83 


MM54HC17 4HC11 
Triple 3-lnput 
AND 
Now 
Decoder 
(Inverting 


Gate 
Output) 


MM54HC174HC14 
Hex Inverting 
Schmitt 
Now 
MM54HC17 4HC138 
3-8 
Line Decoder 
Now 


Trigger 
MM54HC17 4HC139 
Dual 2-to-4 
Line 
Now 


MM54HC/74HC20 
Dual4-lnput 
NAND 
Now 
Decoder 


Gate 
MM54HC174HC147 
10-t0-4 Line Priority 
Now 


MM54HC17 4HC27 
Triple 3-lnput 
NOR 
Now 
Encoder 


Gate 
MM54HC174HC149 
8-Line to 8-Line 
4Q'83 


MM54HC17 4HC30 
8-lnput 
NAND Gate 
Now 
Priority Encoder 


MM54HC/74HC32 
Quad 2-lnput 
OR Gate 
Now 
MM54HC174HC151 
8-Channel 
Digital 
Now 
Multiplexer 
MM54HC17 4HC42 
BCD-to 
Decimal 
Now 
MM54HC174HC153 
Dual4-lnput 
Now 
Decoder 
Multiplexer 
MM54HC/74HC51 
Dual 2-lnput 
AND-OR· 
3Q'83 
MM54HC17 4HC154 
4-16 
Une Decoder 
Now 
Inverting 
Gates 


MM54HC/74HC58 
Dual AND/OR 
Gate 
3Q'83 
MM54HC/74HC157 
Quad 2-lnput 
Now 
MUltiplexer 
MM54HC17 4HC73 
Dual J-K Flip-Flop 
Now 
MM54HC17 4HC158 
Quad 2-lnput 
Now 
w/Clear 
Multiplexer 
(Inverting 
MM54HC17 4HC7 4 
Dl,lal 0 Flip-Flop 
Now 
Output) 
w/Preset 
& Clear-- 
MM54HC/74HC160 
Synchronous 
Decade 
Now 
MM54HC17 4HC75 
4-Bit Bistable 
Latch 
Now 
Counter 
w/Q 
& Q Output 
MM54HC/74HC161 
Synchronous 
Binary 
Now 
MM54HC17 4HC76 
Dual J-K Flip-Flop 
Now 
Counter 
w/Preset 
& Clear 
MM54HC174HC162 
Synchronous 
Decade 
Now 
MM54HC/74HC85 
4-Bit Magnitude 
Now 
• 
Counter 
Comparator 
MM54HC/74HC163 
Synchronous 
Binary 
Now 
MM54HC17 4HC86 
Quad 2-lnput 
Now 
Counter 
Exclusive 
OR (XOR) 
MM54HC174HC164 
8-Bit serial-in/ 
Now 
Gate 
Parallel-out 
Shift 
MM54HC174HC107 
Dual J-K Flip-Flop 
Now 
Register 
w/Clear 
MM54HC/74HC165 
8-Bit Parallel-in/ 
Now 
MM54HC174HC109 
Dual J-K Flip-Flop 
Now 
Serial-out 
Shift 
w/Preset 
& Clear 
Register 


MM54HC/74HC112 
Dual J-K Flip-Flop 
Now 
MM54HC174HC173 
TRI-sTATE 
Quad 0 
4Q'83 
w/Preset 
& Clear 
Flip-Flop 
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Production 
Device 
Function 
Production 
Availability 
Availability 


MM54HC/74HC174 
Hex 0 Flip-Flop 
Now 
MM54HCI7 
4HC266 
Quad 2-lnput 
Now 
w/Clear 
Exclusive-NOR 


MM54HC/74HC175 
Quad 0 Type Flip-Flop 
Now 
(XNOR) 
Gate 


w/Clear 
MM54HC174HC273 
Octal 0 Flip-Flop 
Now 


MM54HC/74HC181 
4-Bit Arithmetic 
Logic 
3Q'83 
MM54HC/74HC280 
9-Bit Odd/Even 
Parity 
Now 
Unit 
Generator/Checker 


MM54HC174HC182 
Carry Look Ahead 
3Q'83 
MM54HC174HC283 
4-Bit Binary Full 
4Q'83 
Generator 
Adder 


MM54HCI7 
4HC190 
Up/Down 
Decade 
4Q'83 
MM54HC17 4HC292 
Programmable 
31/15 
3Q'83 
Counter 
Bit Dividers/Timers 


MM54HC174HC191 
Up/Down 
Binary 
4Q'83 
MM54HC17 4HC294 
Programmable 
31/15 
3Q'83 
Counter 
Bit Dividers/Timers 


MM54HC174HC192 
Synchronous 
Decade 
Now 
MM54HC17 4HC298 
Quad 2-Channel 
4Q'83 
Up/Down 
Counter 
w/Storage 
Multiplexer 


MM54HC174HC193 
Synchronous 
Binary 
Now 
MM54HC/74HC299 
8-Bit TRI-STATE 
Now 
Up/Down 
Counter 
Universal 
Shift 


MM54HC174HC194 
4-Bit Bidirectional 
Now 
Register 


Universal 
Shift 
MM54HC/74HC354 
8-Channel 
TRI-STATE 
Now 
Register 
Latched 
Multiplexer 


MM54HC174HC195 
4-Bit Parallel Shift 
Now 
MM54HC17 4HC356 
8-Channel 
TRI-STATE 
Now 
Register 
Latched 
Multiplexer 


MM54HCI74HC221 
Dual Monostable 
Now 
MM54HC174HC365 
Hex TRI-STATE 
Buffer 
Now 
Multivibrator 
MM54HC174HC366 
Inverting 
Hex 
Now 
MM54HC174HC237 
3-t0-8 Line 
3Q'83 
TRI-STATE 
Buffer 
Decoder 
with Address 
MM54HC174HC367 
Hex TRI-STATE 
Buffer 
Now 
Latches 


MM54HC17 4HC240 
Inverting 
Octal 
Now 
MM54HC/74HC368 
Inverting 
Hex 
Now 


TRI-STATE 
Buffer 
TRI-STATE 
Buffer 


MM54HC17 4HC241 
Octal TRI-STATE 
Now 
MM54HC174HC373 
TRI-STATE 
Octal 0 
Now 


Buffer (TTL Buffer) 
Type Latch 


MM54HC174HC242 
Inverting 
Quad 
Now 
MM54HC/74HC374 
TRI-STATE 
Octal 0 
Now 


TRI-STATE 
Type Flip-Flop 


Transceiver 
MM54HC/74HC390 
Dual 4-Bit Decade 
Now 


. MM54HC/74HC243 
Quad TRI-STATE 
Now 
COunter 


Transceiver 
MM54HCt74HC393 
Dual 4-Bit Binary 
Now 


• MM54HC/74HC244 
Octal TRI-STATE 
Now 
Counter 


Buffer 
MM54HC174HC423 
Dual Non- 
Now 


MM54HC17 4HC245 
Octal TRI-STATE 
Now 
Retriggerable 
1-Shot 


Transceiver 
Multivibrator 


MM54HC17 4HC251 
8-Channel 
TRI-STATE 
Now 
MM54HC174HC533 
TRI-STATE 
Octal 0 
Now 


Multiplexer 
Type Latch 
w/lnverting 
Output 
MM54HC17 4HC253 
Dual 4-Channel 
Now 
MM54HC174HC534 
TRI-STATE 
Multiplexer 
TRI-STATE 
Octal 0 
Now 
Type Flip-Flop 
MM54HC17 4HC257 
Quad 2-Channel 
Now 
MM54HC174HC540 
TRI-STATE 
Multiplexer 
Octal TAl-STATE 
3Q'83 
Driver/Buffer 
MM54HC17 4HC259 
8-Bit Addressable 
Now 
MM54HC/74HC541 
Octal TRI-STATE 
Latch 3-to-8 Line 
3Q'83 


Decoder 
Driver/Buffer 


High Speed CMOS Product Availability Guide 
(Continued) 


Device 
Function 
Production 
Device 
Function 
Production 
Avelleblllly 
AY8I'-blilty 


MM54HC174HC563 
TRI-STATE 
Octal 0 
Now 
MM54HC17 4HC4051 
Single 8-Channel 
40'83 
(Type Latch (Inverting 
w/Storage 
Multiplexer 
Output) 
MM54HC17 4HC4052 
Dual 4-Channel 
40'83 
MM54HC/74HC564 
TRI-STATE 
Octal 0 
Now 
w/Storage 
Multiplexer 
Type Flip-Flop 
MM54HC17 4HC4053 
Triple 2-Channel 
40'83 
w/lnverting 
Output 
w/Storage 
Multiplexer 
MM54HC/74HC573 
TRI-STA TE Octal 0 
Now 
MM54HC17 4HC4060 
14-Stage 
Binary 
Now 
Type Latch 
Counter 
MM54HC/74HC574 
TRI-STATE 
Octal 0 
Now 
MM54HC17 4HC4066 
Ouad Bilateral 
40'83 
Type Flip-Flop 
Analog 
Switch 
MM54HC/74HC589 
8-Bit Parallel-to-Serial 
40'83 
MM54HC17 4HC4075 
Triple 3-lnput 
OR Gate 
Now 
Shift Register 


MM54HC/74HC595 
8-Bit Parallel-te-Serial 
30'83 
MM54HC17 4HC4078 
8-lnput 
NOR Gate 
Now 


Shift Register 
MM54HC174HC4316 
Ouad Bilateral 
Analog 
40'83 


MM54HC/74HC597 
8-Bit Parallel-to-Serial 
40'83 
Switch 


Shift Register 
MM54HC17 4HC4351 
8-Channel 
Analog 
40'83 


MM54HC174HC640 
Inverting 
Octal 
Now 
. Multiplexer 


TRI-STATE 
Demultiplexer 


Transceiver 
w/Latch 


MM54HC17 4HC643 
Octal TRI-STATE 
Now 
MM54HC/74HC4352 
Dual 4-Channel 
40'83 


Transceiver 
Multiplexer 
Demultiplexer 
MM54HC/74HC646 
Non-Inverting 
Octal 
30'83 
w/Latch 
Bus Transceiver 
/ 
MM54HC17 4HC4353 
Triple 2-Channel 
40'83 
Register 
Multiplexer 
MM54HC174HC648 
Inverting 
Octal Bus 
30'83 
Demultiplexer 
Transceiver/Register 
w/Latch 


MM54HC174HC688 
8-Bit Magnitude 
Now 
MM54HC/74HC4511 
BCD·to-7 
Segment 
TBA 
Comparator 
(Equality 
Latch/Decoder 
Driver 
Detector) 
MM54HC/74HC4538 
Dual Retriggerable 
Now 
MM74HC942 
300 Baud Modem 
Now 
Monostable 


MM74HC943 
300 Baud Modem 
Now 
Multivibrator 


MM54HC174HC4002 
Dual 4·lnput 
NOR 
Now 
MM54HC/74HC4543 
BCD·to-7 
Segment 
Now 
Latch/Decoder 
for 
Gate 
Liquid Crystal 
Display 
MM54HC174HC4016 
Ouad Bilateral 
Analog 
40'83 
MM54HC/74HC4560 
NBCDAdder 
40'83 
Switch 


MM54HC/74HC4017 
Decade 
Counter/ 
30'83 
MM54HCT /7 4HCTOO 
Ouad 2-lnput 
NAND 
30'83 


Divider w/10 
Decoded 
Gate (TTL Input) 


Outputs 
MM54HCT /7 4HCT04 
Hex Inverter 
30'83 


MM54HC17 4HC4020 
14-Stage 
Binary 
Now 
(TTL Input) 


Counter 
MM54HCT /7 4HCT05 
Hex Inverter 
Open 
30'83 


MM54HC/74HC4024 
7-Stage 
Ripple 
30'83 
Collector 
(TTL Input) 


Counter 
MM54HCT 174HCT34 
Hex Buffer 
30'83 


MM54HC/74HC4040 
12-Stage 
Binary 
Now 
(TTL Input) 


Counter 
MM54HCT 
174HCT74 
Dual 0 Flip-Flop 
40'83 


MM54HC/74HC4046 
Phase-Locked 
Loop 
40'83 
w/Preset 
& Clear 
(TTL Input) 
MM54HC174HC4049 
Hex Inverting 
Logic 
Now 
MM54HCT /7 4HCT1 09 
Dual J·K Flip-Flop 
40'83 
Level Down Converter 
w/Preset 
& Clear 
MM54HC/74HC4050 
Hex Logic Level 
Now 
(TTL Input) 
Down Converter 
MM54HCT 174HCT138 
1 of 8 Decoder 
30'83 
(TTL Input) 


0._ 
t'unctlon 
Availability 
LJeVlce 
Availability 


MM54HCT 
/7 4HCT139 
Dual 2-t0-4 Line Decoder 
40'B3 
MM54HCT /7 4HCT373 
Octal o Type 
30'B3 
(TTL Input) 
TRI-STATE 
Latch 


MM54HCT /7 4HCT149 
B-Line to B-Line 
40'B3 
(TTL Input) 


Priority Encoder 
MM54HCT /7 4HCT37 4 
Octal o Type 
30'B3 
(TTL Input) 
TRI-STATE 
Flip-Flop 


MM54HCT 
/7 4HCT240 
Inverting 
Octal 
Now 
(TTL Input) 


TRI-STATE 
Buffer 
, MM54HCT 
/7 4HCT640 
Inverting 
Octal 
.Now 
(TTL Input) 
TRI-STATE 


MM54HCT /7 4HCT241 
Octal Buffer 
Now 
Transceiver 


TRI-STATE 
(TTL Input) 


(TTL Input) 
MM54HCT /7 4HCT643 
Octal TRI-STATE 
Now 


MM54HCT /7 4HCT244 
Inverting 
Octal 
Now 
Transceiver 


TRI-STATE 
Buffer 
(TTL Input) 


(TTL Input) 
MM54HCT /7 4HCT6BB 
B-Bit Magnitude 
40'B3 


MM54HCT /7 4HCT245 
Octal Transceiver 
Now 
Comparator 


TRI-STATE 
(TTL Input) 


(TTL Input) 


AC Switching Waveforms 
and Test Circuits 


fMAX Operating frequency. This is the fastest 
speed that a circuit can be toggled. 


tpHL Propagation delay from input to output 
going low. 


tpLH Propagation delay from input to output 
going high. 


tpZH Enable propagation delay time. This is 
measured from the input to the output 
going to an active high level from TRI- 
STATE®. 


tpZL Enable propagation delay time. This is 
measured from the input to the output 
going to an active low level from TRI- 
STATE. 


tpHZ Disable propagation delay time to the 
output going from an active high level to 
TRI-STATE. 


tpLZ Disable propagation delay time to the 
output going from an active low level to 
TRI-STATE. 


tw 
Input signal pulse width. 


ts 
Input setup time. This is the time that 
data must be present prior to clocking 
input transitioning. 


tH 
Input hold time. This is the time that data 
must remain after clocking input has 
transitioned. 


tREM Clock removal time. This is the time that 
an active clear or enable signal must be 
removed before the clock input tran- 
sitions. 


tr 
Input signal rise time. 


tf 
Input signal fall time. 


tTLH Output Rise time (transition time low to 
high) 


tTHL Output Fall time (transition time high to 
low) 


DEVICE 
UNDER 
TEST 
J Cl (NOTE 1) 


TLIF/5376-1 


Test Circuit for Push Pull Outputs 


DEVICE 
UNDER 
TEST 
l'ClINDTE1) 


TLlF/5376-3 
Test Circuit for Open Drain Outputs 


TL/F/5376-4 


Propagation 
Delay Waveforms 


DEVICE 
UNDER 
TEST 


JCl 
(NOTE 1) 


TL/F/5376-2 


Test Circuit for TRI-5TATE 
Output 
Tests 


Nole 2: 51 = Vcc for lpZL. and lpLZ measurements. 


51 = Gnd for lpZH. and ~Z 
measurements. 


POSITIVE 


INPUT 
PULSE 


NEGATIVE 
INPUT 
PULSE 


TLIF/5376-5 


Input Pulse Width 
Waveforms 


CLOCK OR LATCH 
ENABLE 
INPUT 
(NOTE 3) 


POSITIVE 
DATA 
INPUT 


NEGATIVE 
DATA 
INPUT 


MM54HC/MM74HC 
AC Switching Test 
Circuits and Timing Waveforms 
(Continued) 


't 
'S- tHy 
---- 
----VOH 


~ 
50~. 


OUTPUT 
CONTROL 
(LOW 
ENABLING) 


CLOCK 
INPUT 


(NOTE 
3) 


ACTIVE LOW 
CLEAR OR 
ENABLE 


ACTIVE 


HIGH CLEAR OR 


ENABLE 


MM54HCT IMM74HCT 
AC Switching Test 
Circuits and Timing Waveforms 


DEVICE 
UNDER 
TEST 
JCl(NDTE1) 


TVF/5378-1 


Test Circuit for Push Pull Outputs 


DEVICE 
UNDER 
TEST 
l'Cl(NDTE 
1} 


TL/F/5378-3 
Test Circuit for Open Drain Outputs 


TL/F/5376-9 
Propagation 
Delay Waveforms 


DEVICE 
UNDER 
TEST 


TVF/5378-2 


Test Circuit for TRI-STATE 
Output 
Tests 


Nole 2: S1 - Vcc for tpZL. and tPLZ measurements. 


Sl =Gnd 
for tpZH. and tpHZ measurements. 


POSITIVE 
INPUT 
PULSE 


NEGATIVE 
INPUT 
PULSE 


TL/F/5376-10 


Input Pulse Width Waveforms 


III 


CLOCK OR LATCH 
ENABLE INPUT 
(NOTE 3) 


POSITIVE 
DATA 
INPUT 


NEGATIVE 
DATA 
INPUT 


MM54HCT IMM74HCT 
AC Switching Test 
Circuits and Timing Waveforms 
(Continued) 


't 
'S- tHy 
----VOH 


~ 
13V 


TL/F/5376-11 
setup and Hold Time Waveforms 


OUTPUT 
CONTROL 


(LOW ENABLING) 


CLOCK 
INPUT 


(NOTE 3) 


ACTIVE LOW 
CLEAR OR 
ENABLE 


ACTIVE 
HIGH CLEAR OR 
ENABLE 


Section 2 


Application 
Notes 


HC-CMOS Power 
Dissipation 


If there 
is one 
single 
characteristic 
that 
justifies 
the 
exis- 
tence 
of CMOS, 
it is low power dissipation. 
In the quiescent 
state, high-speed 
CMOS draws five to seven orders 
of mag- 
nitude 
less 
power 
than 
the 
equivalent 
LSTTL 
function. 
When 
switching, 
the 
amount 
of power 
dissipated 
by both 
metal 
gate 
and 
high-speed 
silicon 
gate 
CMOS 
is directly 
proportional 
to the operating 
frequency 
of the device. 
This is 
because 
the higher the operating 
frequency, 
the more often 
the device 
is being switched. 
Since each transition 
requires 
power, 
power 
consumption 
increases 
with frequency. 


First, one will find a description 
of the causes 
of power con- 
sumption 
in HC-CMOS 
and 
LSTTL 
applications. 
Next 
will 
follow 
a comparison 
of MM54HC/MM74HC 
to LSTTL power 
dissipation. 
Finally, the maximum 
ratings 
for power 
dissipa- 
tion imposed 
by the device 
package 
will be discussed. 


Quiescent 
Power 
Consumption 


Ideally, 
when 
a CMOS 
integrated 
circuit 
is not 
switching, 
there 
should 
be no DC current 
paths 
from 
Vee 
to ground, 
and the device 
should 
not draw 
any supply 
current 
at all. 


However, 
due to the inherent 
nature 
of semiconductors, 
a 
small amount 
of leakage 
current 
flows across 
all reverse-bi- 
ased diode 
junctions 
on the integrated 
circuit. 
These 
leak- 
ages are caused 
by thermally-generated 
charge 
carriers 
in 
the diode 
area. As the temperature 
of the diode 
increases, 
so do the number 
of these unwanted 
charge 
carriers, 
hence 
leakage 
current 
increases. 


Leakage 
current 
is specified 
for all CMOS 
devices 
as Ice. 
This is the DC current 
that flows 
from Vee to ground 
when 
all inputs 
are held at either 
Vce 
or ground, 
and all outputs 
are open. This is known 
as the quiescent 
state. 


For the MM54HC/MM74HC 
family, 
Ice is specified 
at ambi- 
ent temperatures 
(TA) of 25'C, 
85'C, 
and 125'C. 
There 
are 
three 
different 
specifications 
at each temperature, 
depend- 
ing on the complexity 
of the device. 
The 
number 
of diode 
junctions 
grows 
with 
circuit 
complexity, 
thereby 
increasing 
the leakage 
current. 
The worst 
case 
Ice specifications 
for 
the 
MM54HC/MM74HC 
family 
are summarized 
in Table 
1. 
In addition, 
it should 
be noted that the maximum 
Ice current 
will decrease 
as the temperature 
goes below 
25'C. 


TABLE 
1. Supply 
Current 
(Ieel for MM54HC/MM74HC 
Specified 
at Vee = 6V 


TA 
Gate 
Buffer 
MSI 
Unit 


25'C 
2.0 
4.0 
8.0 
p.A 


85'C 
20 
40 
80 
p.A 


125'C 
40 
80 
160 
p.A 


National 
Semiconductor 
Application 
Note 303 
Kenneth 
Karakotsios 
June 1983 


To obtain 
the quiescent 
power 
consumption 
for any CMOS 
device, 
simply 
mUltiply Ice by the supply 
voltage: 


PDe= 
leeVce 


Sample 
calculations 
show 
that 
at 
room 
temperature 
the 
maximum 
power dissipation 
of gate, buffer, 
and MSI circuits 
at Vee=6V 
are 10 p.W, 20 p.W, and 40 p.W, respectively. 


Dynamic 
Power 
Consumption 


Dynamic 
power consumption 
is basically 
the result of charg- 
ing and discharging 
capacitances. 
It can 
be broken 
down 
into three 
fundamental 
components, 
which 
are: 


1. Load capacitance 
transient 
dissipation 


2. Internal 
capacitance 
transient 
dissipation 


3. Current 
spiking 
during 
switching. 


Load 
Capacitance 
Transient 
Dissipation 


The first contributor 
to power 
consumption 
is the charging 
and discharging 
of external 
load capacitances. 
Figure 
1 is a 
schematic 
diagram 
of a simple 
CMOS 
inverter 
driving 
a ca- 
pacitive 
load. A simple 
expression 
for power dissipation 
as a 
function 
of load capacitance 
can be derived 
starting 
with: 


QL =CLVee 


where 
CL is the load capacitance, 
and QL is the charge 
on 
the capacitor. 
If both 
sides 
of the equation 
are divided 
by 
the 
time 
required 
to 
charge 
and 
discharge 
the 
capacitor 
(one period, 
T, of the input signal), 
we obtain: 


~L = CLVee 
(~) 


TL/U5021-1 
FIGURE 
1. Simple 
CMOS Inverter 
Driving 
a 
Capacitive 
External 
Load 


Since 
charge 
per unit time 
is current 
(QL/T = I) and the in- 
verse of the period 
of a waveform 
is frequency 
(1IT = f): 


IL=CLVeef 


To find 
the 
power 
dissipation, 
both 
sides 
of the 
equation 
must be multiplied 
by the supply voltage 
(P=VI), 
yielding: 


PL =CL 
Vee2f 


One note of caution is in order. If all the outputs of a device 
are not switching at the same frequency, then the power 
consumption must be calculated at the proper frequency for 
each output: 


PL=vcc2(CL1f1 +CL2f2+ 
... 
+CLnfn) 
Examples of devices for which this may apply are: counters, 
dual flip-flops with independent clocks, and other integrated 
circuits containing dual, triple, etc., independent circuits. 


Internal 
Capacitance 
Transient 
Dissipation 


Internal capacitance transient dissipation is similar to load 
capacitance dissipation, except that the internal parasitic 
"on-chip" 
capacitance is being charged and discharged. 


Figure 2 is a diagram of the parasitic nodal capacitances 
associated with two CMOS inverters. 


TL/L/5021-2 
FIGURE 
2. Parasitic 
Internal 
Capacitances 
Associated 
with Two Inverters 


C1 and C2 are capacitances associated with the overlap of 
the gate area and the source and channel regions of the P- 
and N-channel transistors, respectively. C3 is due to the 
overlap of the gate and source (output), and is known as the 
Miller capacitance. C4 and Cs are capacitances of the para- 
sitic diodes from the output to Vcc and ground, respectively. 
Thus the total internal capacitance seen by inverter 1 driving 
inverter 2 is: 


CI=C1 +C2+2C3+C4 
+Cs 
Since an internal capacitance may be treated identically to 
an external load capacitor for power consumption calcula- 
tions, the same equation may be used: 
P,=C,Vcc2f 


At this point, it may be assumed that different parts of the 
internal circuitry are operating at different frequencies. Al- 
though this is true, each part of the circuit has a fixed fre- 
quency relationship between it and the rest of the device. 
Thus, one value of an effective C, can be used to compute 
the internal power dissipation at any frequency. More will be 
said about this shortly. 


Current 
Spiking 
During Switching 
The final contributor to power consumption is current spik- 
ing during switching. While the input to a gate is making a 
transition between logic levels, both the P- and N-channel 
transistors are turned partially on. This creates a low imped- 
ance path for supply current to flow from Vcc to ground, as 
illustrated in Figure 
3. 


For fast input rise and fall times (shorter than 50 ns for the 
MM54HC/MM74HC family), the resulting power consump- 
tion is frequency dependent. This is due to the fact that the 
more often a device is switched, the more often the input is 
situated between logic levels, causing both transistors to be 
partially turned on. Since this power consumption is propor- 
tional to input frequency and specific to a given device in 
any application, as is C" it can be combined with CI. The 
resulting term is called "Cpo," the no-load power dissipation 
capacitance. It is specified for every MM54HC/MM74HC 
device in the AC Electrical Characteristic section of each 
data sheet. 


It should be noted that as input rise and fall times become 
longer, the switching current power dissipation becomes 
more dependent on the amount of time that both the P- and 
N-channel transistors are turned on, and less related to Cpo 
as specified in the data sheets. Figure 4 is a representation 
of the effective value of CPO as input rise and fall times 
increase 
for 
the 
MM54HC/MM74HC08, 
MM54HCI 
MM74HC139, and MM54HC/MM74HC390. To get a fair 
comparison between the three curves, each is divided by 
the value of CPOfor the particular device with fast input rise 
and fall times. This is represented by "Cpoo," the value of 
Cpo specified in the data sheets for each part. This compar- 
ison appears in Figure 5. CPOremains constant for input rise 
and fall times up to about 20 ns, after which it rises, ap- 
proaching a linear slope of 1. The graphs do not all reach a 
slope of 1 at the same time because of necessary differenc- 
es in circuit design for each part. The MM54HC/MM74HC08 
exhibits the greatest change in Cpo, while the MM54HCI 
MM74HC139 shows less of an increase in CPO at any 


given frequency. 
Thus, the power dissipation 
for most of the 
parts 
in the MM54HC/MM74HC 
family 
will fall within 
these 
two 
curves. 
One 
notable 
exception 
is 
the 
MM54HCI 
MM74HCU04· 


10pF 


t 
CPO 
los 
lons 
lOOns 
lfls 
10,..$ 
100Jo/s 


INPUT RISE AND FALL TIME 


TL/Ll5021 -5 
FIGURE 
4. Comparison 
of Typical 
CpO for 
MMS4HC/MM74HC08, 
MMS4HC/MM74HC139 
MMS4HC/MM74HC390 
as a Function 
of 
Input 
Rise and Fall Time. 
trlse=tfall, 
Vcc=SV, 
TA=2SoC 


1 
1 


CPO 
CPOo 
los 
10ns 
lOOns 
1 foil 
lOflS 
100$01$ 


INPUT RISE AND FALL TIME 


TL/Ll5021 -6 
FIGURE 
S. Normalized 
Effective 
CPO (Typical) 
for Slow 
Input 
Rise and Fali Times. 
trlse= 
tfall, Vcc=SV, 
TA=2SoC 


Inputs that d.o not pull all the way to Vee or ground 
can also 
cause 
an increase 
in power consumption, 
for the same rea- 
son given for slow rise and fall times. 
If the input voltage 
is 
between 
the minimum 
input high voltage 
and Vee, then the 
input 
N-channel 
transistor 
will have 
a low impedance 
(I.e., 


be "turned 
on") 
as expected, 
but the P-channel 
transistor 
will 
not 
be completely 
turned 
off. 
Similarly, 
if the 
input 
is 
between 
ground 
and the maximum 
input low VOltage, the P- 
channel 
transistor 
will be fully on and the N-channel 
transis- 
tor will be partially 
on. In either 
case, 
a resistive 
path from 
Vee to ground 
will occur, 
resulting 
in an increase 
in power 
consumption. 


Combining 
all 
the 
derived 
equations, 
we 
arrive 
at 
the 
following: 


PTOTAL = (CL +Cpo)Vee2f+ 
leeVee 


This equation 
can be used to compute 
the total power 
con- 
sumption 
of any MM54HC/MM74HC 
device, 
as well as any 
other 
CMOS device, 
at any operating 
frequency. 
It includes 
both DC and AC contributions 
to power 
usage. CPO and Ice 
are supplied 
in each 
data 
sheet 
for the 
particular 
device. 
and Vee and f are determined 
by the particular 
application. 


/' 


Comparing 
HC-CMOS 
to LSTTL 


Although 
power 
consumption 
is somewhat 
dependent 
on 
frequency 
in LSTTL devices, 
the majority 
of power 
dissipat- 
ed below 
1 MHz is due to quiescent 
supply 
current. 
LSTTL 
contains 
many resistive 
paths from Vee to ground, 
and even 
when 
it is not switChing, 
it draws 
several 
orders 
of magni- 
tude 
greater 
supply 
current 
than 
HC-CMOS. 
Figure 
6 is a 
bar 
graph 
comparison 
of 
quiescent 
power 
requirements 
(Veel x (lee) between 
LSTTL 
and HC-CMOS 
devices. 


The reduction 
in CMOS power consumption 
as compared 
to 
LSTTL 
devices 
is illustrated 
in Figures 
7 and 
8. 
These 
graphs 
are comparisons 
of the typical 
supply 
current 
(Ieel 
required 
for 
equivalent 
functions 
in 
MM54HC/MM74HC. 


MM54HC/MM74C, 
CD4000, 
and 54LS174LS 
logic families. 


The 
currents 
were 
measured 
at room 
temperature 
(25°C) 
with a supply 
voltage 
of 5V. 


Figure 
7 represents 
the supply 
current 
required 
for a quad 
NAND 
gate 
with 
one 
gate 
in the 
package 
switching. 
The 
MM54HC/MM74HC 
family 
draws 
slightly 
more 
supply 
cur- 


rent than 
the 
54C/74C 
and CD4000 
series. 
This 
is mainly 
due 
to the 
large 
size 
of the 
output 
buffers 
necessary 
to 
source 
and sink currents 
characteristic 
of the LSTTL family. 
Other reasons 
include 
processing 
differences 
and the larger 
internal 
circuitry 
required 
to drive the output 
buffers 
at high 
frequencies. 
The 
frequency 
at 
which 
the 
CMOS 
device 
draws 
as much 
power 
as the 
LSTTL 
device, 
known 
as the 
power 
cross-over-frequency. 
is about 
20 MHz. 


In Figure 
8, which 
is a comparison 
of equivalent 
flip-flops 
(174) and shift 
registers 
(164) from 
the different 
logic fami- 
lies, the power 
cross-over 
frequency 
again occurs 
at about 
20 MHz. 
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FIGURE 
6. High Speed 
CMOS (HC-CMOS) 
vs. LSTTL 
Quiescent 
Power 
Consumption 


CMOS 
integrated 
circuit, 
although 
the supply 
leakage 
cur- 
rent will increase, 
it is of such a small magnitude 
(nanoAmps 
per device) 
that there will be very little increase 
in total pow- 
er consumption. 
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fiGURE 
7. Supply Current vs. Input Frequency 
for Equivalent 
NAND Gates 
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Secondly, 
as system 
complexity 
increases, 
the precentage 
of the 
total 
system 
operating 
at the 
maximum 
frequency 
tends 
to 
decrease. 
Figure 
9 shows 
block 
diagrams 
of a 
CMOS 
and 
an equivalent 
LSTTL 
system. 
In this 
abstract 
system, 
there 
is a block 
of parts operating 
at the maximum 
frequency 
(FmaJ, 
a block 
operating 
at half 
Fmax, a block 
operating 
at one 
quarter 
Fmax, and so on. Let us call the 
power 
consumed 
in the first section 
Pl. In a CMOS 
system, 
since 
power 
consumption 
is directly 
proportional 
to the op- 
erating 
frequency, 
the amount 
of power 
consumed 
by the 
second 
block 
will 
be (Pl)/2, 
and 
the 
amount 
used 
in the 
third 
section 
will be (Pl)/4. 
If the power 
consumed 
over 
a 
large number 
of blocks 
is summed 
up, we obtain: 


PTOTAL =Pl 
+ (Pl)/2+ 
(Pl)/4+ 
. + (Pl)/(2n-1) 


and PTOTAL,;;2(Pl) 


blocks 
operating 
at frequencies 
Fmax/2 
and 
below 
will be 
dominated 
by quiescent 
current, 
which 
will not change 
with 
frequency. 
The power 
used 
by blocks 
3 through 
n will be 
approximately 
equal 
to 
the 
power 
dissipated 
by block 
2, 


(Pl)/2. 
The total power 
consumed 
in the LSTTL 
system 
is: 


PTOTAL=(P1+(Pl)/2+(Pl)/2+ 
... 
+(Pl)/2 


PTOTAL = P1+(N-1)(Pl)/2 


and for n>2, 
PTOTAL>2(Pl) 


Thus, 
an 
LSTTL 
system 
will 
draw 
more 
power 
than 
an 
equivalent 
HC-CMOS 
system. 


FIGURE 
9. Comparison 
of Equivalent 
CMOS 
and LSTTL 
Systems 


This 
effect 
is further 
illustrated 
in Figure 
10. An 
arbitrary 
system 
is composed 
of 200 gates, 
150 counters, 
and 150 
full adders, 
with 50 pF loads on all of the outputs. 
The sup- 


ply voltage 
is 5V, and the system 
is at room 
temperature. 


For 
this 
system, 
the 
worst 
case 
power 
consumption 
for 
CMOS is about an order of magnitude 
lower than the typical 
LSTTL 
power 
requirements. 
Thus, as system 
complexity 
in- 
creases, 
CMOS 
will save more power. 


Maximum 
Power 
Dissipation 
Limits 


It is important 
to take into consideration 
the maximum 
pow- 
er dissipation 
limits 
imposed 
on a device 
by the 
package 
when 
designing 
with 
high-speed 
CMOS. 
Both 
the 
plastic 
and 
ceramic 
packages 
can 
dissipate 
up to 
500 
mW. 
Al- 
though 
this limit will rarely be reached 
in typical 
high-speed 
applications, 
the MM54HC/MM74HC 
family 
has such 
large 
output 
current 
source 
and sink capabilities 
that driving 
a re- 
sistive 
load 
could 
possibly 
take 
a device 
to the 
500 
mW 
limit. This maximum 
power 
dissipation 
rating 
should 
be de- 
rated by -12 
mWI'C, 
starting 
at 65'C 
for the plastic 
pack- 


age and 100'C for the ceramic 
package. 
This is illustrated 
in 
Figures 
11 and 
12. Thus, 
if a device 
in a plastic 
package 
is 
operating 
at 70'C, 
then the maximum 
power 
dissipation 
rat- 
ing would 
be 500 
mW - 
(70'G-65'C) 
(12 mWI'C)=44 
mW. Note 
that the maximum 
ambient 
temperature 
is 85'C 
for plastic 
packages 
and 125'C 
for ceramic 
packages. 
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FIGURE 10. System Power vs. Frequency 
MMHC74HC vs. LSTTL 
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FIGURE 11.Plastic Package (MM74HC) 
High Temperature Power Derating 
for MM54HC/MM74HC Family 
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FIGURE 12. Ceramic Package (MM54HC) 
High Temperature Power Derating 
for MM54HC/MM74HC Family 


Summary 
The MM54HC/MM74HC 
high-speed silicon gate CMOS 
family has quiescent (standby) power consumption five to 
seven orders of magnitude lower than the equivalent LSTIL 
function. At high frequencies (30 MHz and above), both 
families consume a similar amount of power for very simple 
systems. However, as system complexity increases, HC- 
CMOS uses much less power than LSTIL. To keep power 
consumption low, input rise and fall times should be fast 
(less than 50 to 100 ns) and inputs should swing all the way 
to Vcc and ground. 
There is an easy-to-use equation to compute the power 
consumption of any HC-CMOS device in any application: 


PTOTAL=(CL + CpO)VCC2f+IccVcc 
The maximum power dissipation rating is 500 mW per pack- 
age at room temperature, and must be derated as tempera- 
ture increases. 


High-Speed CMOS 
(MM54HC/MM74HC) 
Processing 


The MM54HC/MM74HC 
logic family achieves its high 
speed by utilizing microCMOSTMTechnology. This is a 3.5 
silicon gate P-well CMOS process single layer poly, single 
layer metal, P-well process with oxide-isolated transistors. 
Why do silicon-gate transistors (polycrystalline) switch fast- 
er than metal-gate transistors? The reason is related both to 
the parasitic capacitances inherent in integrated circuits and 
the gain of the transistors. The speed at which an Mbs 
transistor can switch depends on how fast its internal para- 
sitic capacitance, as well as its external load capacitance, 
can be charged and discharged. Capacitance takes time to 
be charged and discharged, and hence degrades a transis- 
tor's performance. The gain of a transistor is a measure of 
how well a transistor can charge and discharge a capacitor. 
Therefore, to increase speed, it is desirable to both de- 
crease parasitic capacitance and increase transistor gain. 
These advantages are achieved with National's silicon-gate 
CMOS process. To understand exactly how these improve- 
ments occur in Silicon-gate CMOS, it is helpful to compare 
the process to the metal-gate CMOS process. 


Metal-Gate CMOS Processing 


Figure 
1 through 12 are cross sections of a metal-gate 
CMOS pair of P- and N-channel transistors with associated 
guard rings. Guard rings are necessary in metal-gate proc- 
essing to prevent leakage currents between the sources 
and drains of separate transistors. The starting material is 
an N- type silicon substrate covered by a thin layer of ther- 
mally grown silicon dioxide (Si02) (Figure 1).Silicon dioxide, 
also called oxide acts as both a mask for certain processing 
steps 
and 
a 
dielectric 
insulator. 
Figure 
2 
shows 
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the addition of a lightly doped P- well in which the N-chan- 
nel transistors and P+ guard rings will later be located. The 
P- 
well is ion implanted into the substrate. A thin layer of 


oxide allows ions to be implanted through it, while a thicker 
oxide will block ion implantation. 


Next, the oxide over the P- 
well is stripped, and a new 


layer of oxide is grown. Following this, holes are etched into 
the oxide where the P+ source, drain, and guard ring diffu- 
sions shall occur. The P+ regions are diffused, and then 
additional oxide is grown to fill the holes created for diffu- 
sion (Figures 3, 4, and 5). The following step is to cut holes 
in the oxide to diffuse the N-channel sources, drains and 
guard bands. Then oxide is again thermally grown (Figures 
6 


and 7). 
In the following step, the composite mask is created by 
again cutting holes in the oxide. This defines the areas 
where contacts and transistor gates will occur (Figure 8). A 
thin layer of gate oxide is grown over these regions (Figure 
Uj, and alignment of this to the source and drain regions is a 
critical step. If the gate oxide overlaps the source or drain, 
this will cause additional parasitic capacitance. 


Contacts to transistor sources and drains are cut into the 
thin oxide where appropriate (Figure 10, and then the inter- 
connect metal is deposited (Figure 11).Depositing the metal 
over the gate areas is also a critical step, for a misalignment 
will cause extra unwanted overlap capacitance. Figure 
12 


illustrates the final step in processing, which is to deposit an 
insulating layer of silicon dioxide over the entire surface of 
the integrated circuit. 


FIGURE 1. Initial OXidation, Thermally Grown Silicon 
Dioxide Layer on Silicon Substrate Surface 
._.":. 


~ 
. 


FIGURE 2. P- Mask and Formation of P- Well Tub In 
Which N-Channel Devices Will Be Located 
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FIGURE 3. P- Well Oxidation, Thermally Grown Silicon 
Dioxide Layer Over P- Well Area 
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FIGURE 4. P + Mask and Formation of Low Resistance P + Type Pockets In 
P- Well and N-Substrate 


FIGURE 5. P + Oxidation, Thermally Grown SIlicon 
Dioxide Layer Over P+ Type Pockets 


FIGURE 6. N + Mask and Formation of Low Resistance N + Type Pockets In 
P- Well and N-Substrate 


FIGURE 7. N + Oxidation, Thermally Grown Silicon 
Dioxide Layer Over.N + Type Pockets 


FIGURE 8. Composite Mask and Openings to N- and 
P-Channel Devices 


FIGURE 9. Gate Oxidation, Thermally Grown Silicon Dioxide Layer Over N- and 
P-Channel Devices 


FIGURE 10. Contact Mask and Openings to N- and 
P-Channel Devices 


FIGURE 11. Metallization, Metal Mask, Resulting In 
Gate Metal and Metal Interconnects 


FIGURE 12. Passivation Oxide, Deposited Silicon 
Dioxide Over Entire Ole Surface 


SlIIcon-Gate 
CMOS Processing 


The silicon-gate CMOS process starts with the same two 
steps as the metal-gate process, yielding an N- 
substrate 
with an ion-implanted P- 
well (Figures 
13 and 14). That, 


however, is where the similarity ends. Next, the initial oxide 
is stripped, and another layer of oxide, called pad oxide, is 
thermally grown. Also, a layer of silicon nitride is deposited 
across the surface of the wafer (Figure 
15). The nitride pre- 


vents oxide growth on the areas it covers. Thus, in Figure 
16,the nitride is etched away wherever field oxide is to be 
grown. The field oxide is a very thick layer of oxide, and it is 
grown everywhere except in the transistor regions (Figure 
17). As an oxide grows in silicon, it consumes the silicon 
substrate beneath it and combines it with ambient oxygen to 
produce silicon dioxide. Growth of this very thick oxide 
causes the oxide to be recessed below the surface of the 
silicon substrate by a significant amount. A recessed field 
oxide eliminates the need for guard ring diffusions, because 
current cannot flow through the field oxide, which complete- 
ly isolates each transistor from every other transistor. 


The next step is to deposit a layer of polycrystalline silicon, 
also called poly, which will form both the gate areas and a 
second layer of interconnect (Figure 
18). The poly is then 
etched, and any poly remaining becomes a gate if it is over 
gate oxide, and interconnect if it is over field oxide. A new 
layer of oxide is grown over the poly, which will act as an 
insulator between the poly and the metal interconnect (Fig- 
ure 19).The poly over the transistor areas is not as wide as 
the gate oxide. This allows the source and drain diffusions 
to be ion implanted through the gate oxide. The poly gate 
itself, along with the field oxide, is used as a mask for im- 
plantation. Therefore, the source and drain implants will au- 
tomatically be aligned to the gate poly, which is what makes 
this process a self-aligned gate process (Figure 
2(7). 


Figure 
21 illustrates the steps of cutting contacts into the 


insulating layer of oxide, so the metal may be connected to 
gate and field poly, as well as to source and drain implants. 
A layer of metal is deposited across the entire wafer, and is 
etched to produce the desired interconnection. Finally, as in 
metal-gate processing, an insulating layer of oxide is depos- 
ited onto the wafer (Figure 22). 


Advantages 
of Silicon-Gate 
Processing 
There are three major ways in which Silicon-gateprocessing 
reduces parasitic capacitance: recessed field oxide, lower 
gate overlap capacitance, and shallower junction depths. 
Figures 
23 and 24 are cross sections of metal gate and 


silicon gate CMOS circuits, respectively. These figures show 
the parasitic on-chip capacitances (Ct through C4) for each 
type of process. 


The N+ and P+ source and drain regions, as well as guard 
ring regions, in the metal-gate process, have two capaci- 
tances associated with them: periphery and area capaci- 
tances (C2and Ct). These capacitances are associated with 
the diode junctions between the P+ regions and the N- 
substrate, as well as the N+ regions and P- well. The finer 
line widths of silicon-gate CMOS, coupled with the shallower 
junction depths, act to decrease the size of these parasitic 
diodes. Capacitance is proportional to diode area, hence 


the diode area. reduction results in a significantly reduced 
parasitic capacitance in silicon-gate CMOS. 
Another origin of unwanted capacitance is the area where 
the gate overlaps the source and drain regions (C4). The 
overlap is much larger in metal-gate processing than in sili- 
con-gate CMOS. This is due to the fact that the metal-gate 
must be made wider than the channel width to allow for 
alignment tolerances. In silicon-gate processing, since the 
gate acts as the mask for the ion implantation of the source 
and drain regions, there is no alignment error, which results 
in greatly reduced overlap. 
How does the use of polysilicon gates increase the gain of a 
MOSFET? Polysilicon may be etched to finer line widths 
than metal, permitting the fabrication of transistors with 
shorter gate lengths. The equation that describes the gain 
of a MOSFET is shown below: 


I = (Be(~)(Wi~;h)[(Gate Voltage)-(Threshold Voltage)]2 
2 
engt 
Thus, a decrease in gate length will cause an increase in 
current drive capability. This, in turn, will allow the transistor 
to charge a capacitance more rapidly, therefore increasing 
the gain of the transistor. Also, the gate oxide is thinner for 
the silicon-gate CMOS process. A thinner gate oxide in- 
creases the Beta term in the equation, which further in- 
creases gain. Finally, although it is not apparent from the 
processing cross sections, the transistor threshold (turn on) 
voltage is lower. This is accomplished by the use of ion 
implants to adjust the threshold. 
There is one more advantage of silicon-gate processing that 
should be noted: the polysilicon provides for an additional 
layer of interconnect. This allows three levels of intercon- 
nect, which are metal, polysilicon, and the N+ and P+ ion- 
implanted regions. Having these three levels helps to keep 
the die area down, since much die area is usually taken up 
by interconnection. 


When all these advantages are summed up, the result is a 
CMOS technology that produces devices as fast as the 
equivalent LSTTL device. Figure 25 illustrates a comparison 
between the MM74HCOO buffered NAND gate and the 
MM74COO,CD4011B, and DM74LSOO NAND gates. The 
MM74HCOOis about an order of magnitude faster than the 
CD4011B buffered NAND gate, and about 5 times faster 
than the unbuffered MM74COO,at 15 pF. As load capaci- 
tance increases, the speed differential between metal-gate 
and silicon-gate CMOS increases, with the MM74HCOOop- 
erating as fast as the DM74S00 at any load capacitance. 


Summary 
Polycrystalline Silicon-gate CMOS has many advantages 
over metal-gate CMOS. It is faster because on-chip parasitic 
capacitances are reduced and transistor gains are in- 
creased. This is due mainly to a recessed field oxide and a 
self-aligned gate process. Transistor gains are increased by 
decreasing transistor lengths and threshold voltages, and 
increasing beta. Polysilicon also allows for an extra layer of 
interconnect, which helps to keep die area down. 


FIGURE 13. Initial Oxidation, Thermally Grown Silicon 
Dioxide on N- Silicon Substrate 


OXIDE 


FIGURE 14. lon-Implanted 
P- 
Tub In Which N-Channel 
Devices Will Be Located 


TL/L/5044-15 
FIGURE 15. Initial Oxide Is Stripped, Pad Oxide Is Thermally Grown, and a Layer of SII· 
Icon Nitride Is Deposited Across the Surface of the Wafer 
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FIGURE 16. Nitride Is Stripped In Areas Where Field Oxide Is to be Grown. Areas 
Covered by Nitride Will Become Transistor Area 


FIGURE 17. Field Oxide Is Thermally Grown. The Nitride 
Acts as a Barrier to Oxide Grow1h 


FIGURE 18. Nitride Is Stripped, Pad Oxide Is Stripped Over Transistor Areas and a 
Thin Gate Oxide Is Grown Polycrystalllne 
Silicon Is Deposited 
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FIGURE 19. Polyslllcon Layer Is Etched to Provide Gate and Interconnect 
Poly Areas. 
New Layer of Oxidation Is Grown 
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REGIONS 
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OXIDE 


FIGURE 20. N+ and P+ Source and Drain Regions Are Ion Implanted, and the 
Reoxidation Is Grown Thicker to Form an Insulating Layer 


FIGURE 21. Contact Openings Are Cut In the Insulating Oxide, and a Layer of 
Metallzatlon Is Deposited Across the Entire Wafer 
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FIGURE 22. Metal Mask Is Etched to Provide Interconnect. 
Vapox (5102) Is Deposited 
Over Entire Surface of Wafer 


FIGURE 23. Cross Section of Metal Gate CMOS Process 
Showing Parasitic On-Chip Capacitances 


FIGURE 24. Cross Section of Silicon Gate CMOS Process Showing Parasitic 
On-Chip Capacitances 
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FIGURE 25. Propagation Delay vs. Load Capacitance 
for 2-lnput NAND Gate 


DC Electrical Characteristics 
of MM54HC/MM74HC 
High- 
Speed CMOS Logic 


The input and output characteristics of the MM54HCI 
MM74HC high-speed CMOS logic family were conceived to 
meet several basic goals. These goals are to provide input 
current and voltage requirements, noise immunity and qui- 
escent power dissipation similar to CD4000 and MM54CI 
MM74C metal-gate CMOS logic and output current drives 
similar to low power Schottky TIL. 
In addition, to enable 


merging of TIL 
and HC-CMOS designs, the MM54HCTI 


MM74HCT sub family differs only in their input voltage re- 
quirements, which are the same as TIL, to ease interfacing 
between logic families. 
In order to familiarize the user with the MM54HC/MM74HC 
logic family, its input and output characteristics are dis- 
cussed in this application note, as well as how these char- 
acteristics are affected by various parameters such as pow- 
er supply voltage and temperature. Also, for those users 
who have been designing with metal-gate CMOS and TIL 
logic, notable differences and features of high-speed CMOS 
are compared to those logic families. 


A Buffered 
CMOS 
Logic Family 


The MM54HC/MM74HC is a "buffered" logic family like the 
CD4000B series CMOS. Buffering CMOS logic merely de- 
notes designing the IC so that the output is taken from an 
inverting buffer stage. For example, the internal circuit im- 
plementation of a NAND gate would be a simple NAND fol- 
lowed by two inverting stages. An unbuffered gate would be 
implemented as a single stage. Both are shown in Figure 
1. 
Most MSI logic devices are inherently buffered because 
they are inherently multi-stage circuits. Gates and similar 
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small circuits yield the greatest improvement in perform- 
ance by buffering. 
There are several advantages to buffering this high-speed 
CMOS family. By using a standardized buffer, the output 
characteristics for all devices are more easily made identi- 
cal. MUlti-stagegates will have better noise immunity due to 
the higher gain caused by having several stages from input 
to output. Also, the output impedance of an unbuffered gate 
may change with input logic level voltage and input logic 
combination, whereas buffered outputs are unaffected by 
input conditions. 
Finally, single stage gates 
implemented 
in MM54HCI 


MM74HC CMOS would require large transistors due to the 
large output drive requirements. These large devices would 
have a large input capacitance associated with them. This 
would affect the speed of circuits driving into an unbuffered 
gate, especially when driving large fanouts. Buffered gates 
have small input transistors and correspondingly small input 
capacitance. 
One may think that a major disadvantage of buffered circuits 
would be speed loss. It would seem that a two or three 
stage gate would be two to three times slower than a buff- 
ered one. However, internal stages are much faster than the 
output stage and the speed lost by buffering is relatively 
small. 


The one 
exception 
to 
buffering 
is the 
MM54HCU041 


MM74HCU04 hex inverter which is unbuffered to enable its 
use in various linear and crystal oscillator applications. 


FIGURE 
1. Schematic 
Diagrams 
of (a) Unbuffered 
and 
(b) Buffered 
NAND Gate 


CMOS 
Input Voltage 
Characteristics 


As 
mentioned 
before, 
MM54HC/MM74HC 
standard 
input 
levels 
are 
similar 
to 
metal-gate 
CMOS. 
This 
enables 
the 
high-speed 
logic family to enjoy the same wide noise margin 
of CD4000 
and MM54C/MM74C 
logic. With Vcc= 
5V these 
input 
levels 
are 3.5V for minimum 
logic 
"1" 
(VIH) and 1.0V 
for a logic 
"0" 
(VIU. 
The 
output 
levels' when 
operated 
at 
Vcc=5V±10% 
and worst 
case 
input 
levels, 
are specified 


to be VCC-0.1 
or 0.1V. The 
output 
levels 
will actually 
be 
within 
a few millivolts 
of either Vcc 
or ground. 


When 
operated 
over 
the 
entire 
supply 
voltage 
range, 
the 


input logic levels are: VIH = 0.7Vcc 
and VIL = 0.2Vcc. 
Figure 
2 illustrates 
the input voltage 
levels 
and the noise margin of 
these 
circuits 
over 
the 
power 
supply 
range. 
The 
shaded 
area indicates 
the noise 
margin 
which 
is the difference 
be- 


tween 
the input and output 
logic levels. 
The logic "1" 
noise 
margin is 29% of Vcc and the logic "0" 
noise margin is 19% 
of Vcc. 
Also 
shown 
for comparison 
are the 54LS174LS 
in- 
put levels 
and noise margins 
over their supply 
range. 


These 
input levels are specified 
on individual 
data sheets 
at 


Vcc=2.0V, 
4.5V, 6.0V. At 2.0V the input levels are not quite 
0.7(Vccl 
and 0.2(Vccl 
as at low voltages 
transistor 
turn on 
thresholds 
become 
significant. 
This is shown 
in Figure 2. 
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FIGURE 
2. Worst 
Case Input and Output 
Voltages 
Over 
Operating 
Supply 
Range for "HC" and "LS" Logic 


The input and output 
logic voltages 
and their behavior 
with 


temperature 
variation 
is determined 
by the input 
to output 
transfer 
function 
of the 
logic 
circuit. 
Figure 
3a shows 
the 
transfer 
function 
of 
the 
MM54HCOO/MM74HCOO 
NAND 
gate. As can be seen, the NAND 
gate has Vcc 
and ground 
output 
levels 
and 
a very 
sharp 
transition 
at about 
2.25V. 


Thus, good noise immunity 
is achieved, 
since input noise of 
a volt 
or two 
will not appear 
on the output. 
The 
transition 
point 
is also very 
stable 
with temperature, 
drifting 
typically 
50 or so millivolts 
over the entire 
temperature 
range. 
As a 
comparison, 
the transfer 
function 
for a 54LS00174LSOO 
is 
plotted 
in Figure 
3b. LSTIL 
output 
transitions 
at about 
1.1V 
and the 
transition 
region 
varies 
several 
hundred 
millivolts 
over the temperature 
range. Also, since the transition 
region 


is closer 
to the 
low 
logic 
level, 
less ground 
noise 
can 
be 
tolerated 
on the input. 


In typical 
systems, 
noise can be capacitively 
coupled 
to the 
signal 
lines. The amount 
of voltage 
coupled 
by capacitively 


induced 
currents 
is dependent 
on the impedance 
of the out- 
put driving 
the signal line. Thus, the lower the output 
imped- 
ance the lower 
the induced 
voltage. 
High-speed 
CMOS 
of- 
fers 
improved 
noise 
immunity 
over CD4000 
in this respect 
because 
its outPl,lt impedance 
is one tenth 
that of CD4000 
and so it is about 
7 times 
less susceptible 
to capacitively 


induced 
current 
noise. 
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FIGURE 
3. Input/Output 
Transfer 
Characteristics 
for (a) 
'HCOO and (b) 'LSOO Nand Gate 


The 
MM54HCT/MM74HCT 
sub-family 
of 
MM54HCI 
MM74HC 
logic provides 
TIL 
compatible 
input logic voltage 
levels. 
This 
will 
enable 
TIL 
outputs 
to 
be guaranteed 
to 
correctly 
drive 
CMOS 
inputs. 
An incompatibility 
results 
be- 
cause 
TIL 
outputs 
are only 
guaranteed 
to pull to a 2.7V 
logic 
high 
level, 
which 
is not 
high enough 
to guarantee 
a 
valid CMOS 
logic high input. To design 
the entire 
family 
to 
be TIL 
compatible 
would 
compromise 
speed, 
input 
noise 
immunity 
and 
circuit 
size. 
This 
sub-family 
can 
be used 
to 
interface 
sub-systems 
implemented 
using 
TIL 
logic 
to 
CMOS 
sub-systems. 
The 
input 
level 
specifications 
of 
MM54HCT/MM74HCT 
circuits 
are the same as LSTIL. 
Min- 
imum input high level is 2.0V and the maximum 
low level is 
O.BV using a 5V±10% 
supply. 


A fairly simple 
alternative 
to interfacing 
from 
LSTIL 
is to tie 
a pull-up 
resistor 
from the TIL 
output 
to Vcc, 
usually 
4-10 
kn. 
This 
resistor 
will ensure 
that 
TIL 
will 
pull up to Vcc. 
(See 
Interfacing 
MM54HC/MM74HC 
High-Speed 
CMOS 
Logic application 
note.) 


High-Speed 
CMOS Input Current 
and Capacitance 


Both 
standard 
"HC" 
and 
TIL 
compatible 
"HCT" 
circuits 
maintain 
the ultra low input currents 
inherent 
in CMOS 
cir- 


cuits when CMOS levels are applied. 
This current 
is typically 
less than a nanoamp 
and is due to reverse 
leakages 
of the 
input protection 
diodes. 
Input currents 
are so small that they 
can usually 
be neglected. 
Since 
CMOS 
inputs 
present 
es- 


sentially 
no load, their fanout 
is nearly 
infinite. 
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diode, and transistor gate capacitances. Capacitance infor- 
mation is given in the data sheets and is measured with all 
pins grounded except the test pin. This method is used be- 
cause it yields a fairly conservative result and avoids capaci- 
tance meter and power supply ground loops and decoupling 
problems. Figure 
4 plots typical input capacitance versus 
input voltage for HC-CMOS logic with the device powered 
on. The small peaking at 2.2V is due to internal Miller feed- 
back capacitance effects. 
When comparing MM54HC/MM74HC input currents to TIL 
logic, 54LS/74LS does need significantly more input cur- 
rent. LSTIL requires 400 p.Aof current when a logic low is 
applied and 40 p.A in the high state which is significantly 
more than the worst case 1 p.A leakage that MM54HCI 
MM74HC has. 
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FIGURE 4. Input Capacitance VI. Input Voltage for a 


Typical Device 


MMS4HC/MM74HC Power Supply Voltage and 
Quiescent Current 


Figure 
5 compares the operating power supply range of 
high-speed CMOS to TIL 
and metal-gate CMOS. As can 
be seen, MM54HC/MM74HC can operate at power supply 
voltages from 2-6V. This range is narrower than the 3-15V 
range of CD4000 and MM54C/MM74C CMOS. The narrow- 
er range is due to the silicon-gate CMOS process employed 
which has been optimized to attain high operating frequen- 
cies at Vcc=5V. 
The 2-6V range is however much wider 


than the 4.5V to 5.5V range specified for TIL circuits, and 
guaranteeing operation down to 2V is useful when operating 
CMOS off batteries in portable or battery backup applica- 
tions. 
The quiescent power supply current of the high-speed 
CMOS family is very similar to CD4000 and MM54CI 
MM74C CMOS. When CMOS circuits are not switching 
there is no current path between Vce and ground, except 
for leakage currents which are typically much less than 1 
p.A.These are due to diode and transistor leakages. 


12 
w 
'":: 10 
...• 
0 
". 
8 
>- 
...• 
Cl.. 
Cl.. 
6 
:::> 
r:::::J 5.25V 
'" 
4 
4.75V 


HC 
METAL lSTTl 
FAMilY 
GATE 
CMOS 


FIGURE S.Comparison of Supply Range for 


"HC", "LS" and Metal-Gate 


...~,.: 
ili 
11'A 
a: 
a: 
:::>... 
>- 
~ 100nA 
Cl.. 
:::> 
'"...z 
~ 
10nA 
'"wSo 


25 
50 
75 
100 
125 


TEMPERATURE-oC 


FIGURE 6. Typical Quiescent Supply Current 


Variation with Temperature 


Figure 6 illustrates how this leakage increases with temper- 
ature by plotting typical leakage current versus temperature 
for an MSI and SSI device. As a result of this temperature 
dependence, there is a set of standardized Ice specifica- 
tions which specify higher current at elevated temperatures. 
A summary of these specifications are shown in Table 1. 


TABLE 1. Standardized Ice Specifications 
for 
MMS4HC/MM74HC Logic at 2S'C, 8S'C and 12S'C at 


Vee=6.0V 


Temperature 
Gates 
Flip-Flops 
MSI 


25'C 
2p.A 
4p.A 
ap.A 


85'C 
20 p.A 
40p.A 
80p.A 


125'C 
40p.A 
80p.A 
160 p.A 


Output Characteristics 
One of the prime advantages of MM54HC/MM74HC over 
metal-gate CMOS (besides speed) is the output drive cur- 
rent, which is about ten times CD4000 or MM54C/MM74C 
logic. The larger output current enables high-speed CMOS 
to directly drive large fanouts of 54LS/74LS devices, and 
also enables HC-CMOS to more easily drive large capaci- 
tive loads. This improvement in output drive is due to a vari- 
ety of enhancements provided by the silicon-gate process 
used. The basic current equation for a MOSFET is: 


1=(Beta)(Width/Length)((Vg-VtlVd-0.5(V~)) 


Where Vg is the transistor gate voltage, VI is the transistor 
threshold voltage, and Vd is the transistor drain voltage 
which is equivalent to the circuit output voltage. This CMOS 
process, when compared to metal-gate CMOS, has in- 
creased transistor gains, Beta, and lower threshold volt- 
ages, VI. Also, improved photolithography has reduced the 
transistor lengths, and wider transistors are also possible 
because of tighter geometries. 


Figure 7 compares the output high and low current specifi- 
cations of MM74HC, 74LS and metal-gate CMOS for stan- 
dard device outputs. High-speed CMOS has worst case out- 
put low current of 4 mA which is similar to low power 
Schottky TIL circuits, and offers symmetrical logic high and 
low currents as well. In addition, CMOS circuits whose func- 
tions make them ideal for use driving large capacitive loads 
have a larger output current of 6 mA. For example, these 
bus driver outputs are used on the octal flip-flops, latches, 
buffers, and bidirectional circuits. 
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FIGURE 7. Comparison of 74HC, 74LS and CD40001 
74C 
Output Drive Currents, IOHand IOL 


Table 2 summarizes the various output current specifica- 
tions for MM54HC/MM74HC CMOS along with their equiva- 
lent LSTIL fanouts. As Table 2 shows, the output currents 
of the MM54HC/MM74HC devices are derated from the 
MM74HC devices. The derating is caused by the decrease 
in current drive of the output transistors as temperature is 
increased. To show this, Figure 8 plots typical output source 
and sink currents against temperature for both standard and 
bus driver circuits. This variation is similar to that found in 
metal-gate CMOS, and so the same -0.3% 
peroC derating 
that is used to approximate temperature derating of CD4000 
and MM54C/MM74C can be applied to 54HCI74HC. As an 
example, the approximate worst case 25°C current drive 
one would expect by using the 4 mA 85°C data sheet num- 
ber would be about 4 mA at VOUT=0.26V, and this is what 
is specified in the device data sheets. 
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FIGURE 8. Typical Output (a) Source and (b) Sink 


Current Temperature for Standard and Bus Outputs 


TABLE 2. Data Sheet Output Current Specifications 
for MM54HC/MM74HC Logic 


Device 
Output High 
Output Low 
LSTTL 
Vcc=4.5V 
Current 
Current 
Fanout 


Standard 54HC 
4.0 mA (VOUT=3.7V) 
4.0 mA (VOUT= 0.4V) 
10 


Bus Driver 54HC 
6.0 mA (VOUT=3.7V) 
6.0 mA (VOUT=O.4V) 
15 


Standard 74HC 
4.0 mA (VOUT=3.94) 
4.0 mA (VOUT=0.33V) 
10 


Bus 74HC 
6.0 mA (VOUT=3.94) 
6.0 mA (VOUT=0.33V) 
15 


The data sheet specifications for output current are mea- 
sured at only one output voltage for either source or sink 
current for each of three temperature ranges, room, com- 
mercial, and military. The outputs can supply much larg"er 
currents if larger output voltages are allowed. This is shown 
in Figures 9 and 10, which plot output current versus output 
voltage for both N-channel sink current and P-channel 
source current. Both standard and bus driver outputs are 
shown. For example, a standard output would typically sink 
20 mA "l'ith VOL= 1V, and typically capable of a short circuit 
current of 50 mA. 
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FIGURE 9. Typical P-Channel Output Source Current vs. 
Output Voltage for (a) Standard and 
(b) Bus Outputs 
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The output current and voltage characteristics of a logic cir- 
cuit determine how well that circuit will switch its output 
when driving capacitive loads and transmission lines. The 
more current availatJle,the faster the load can be switched. 
In order for HC-CMOS to achieve LSTTL performance. the 
outputs should have characteristics similar to LSTTL. This 
similarity is illustrated in Figure 
11by plotted typical LSTTL 
and HC-CMOS output characteristics together. 
As the supply voltage is decreased,.the output currents will 
decrease. Figure 
12a plots the output sink current versus 
power supply voltage with a 0.4V output voltage, and Figure 
12b plots output source current against power supply with 
an output voltage of Vcc-0.8V. 
It is interesting to note that 
MM54HC/MM74HC powered at VCC=3V, typically, will still 
drive 10 LSTTL inputs (T=25°C). 


Absolute Maximum Ratings 


Absolute maximum ratings are a set of guidelines that de- 
fine the limits of operation for the MM54HC/MM74HC logic 
devices. To exceed these ratings could cause a device to 
malfunction and permanently damage itself. These limits 
are tabulated in Table 3, and their reasons for existing are 
discussed below. 


The largest power supply voltage that should be applied to a 
device is 7V. If larger voltages are applied, the transistors 
will-breakdown, or "punch through". The smallest voltage 
that should be applied to a MM54HC/MM74HC circuit is 
-0.5V. 
If more negative voltages are applied, a substrate 


diode would become forward biased. In both cases large 
currents could flow, damaging the device. 
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FIGURE 10. Typical N-Channel Output Sink Current vs. Output Voltage 
for (a) Standard and (b) Bus Outputs' 
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FIGURE 12. Output (a) Sink and (b) Source Current 
Variation with Power Supply 


High-speed CMOS inputs should not have DC voltages ap- 
plied to them that exceed Vee or go below ground by more 
than 1.5V. To do so would forward bias input protection di- 
odes excessive currents which may damage them. In actu- 
ality the diodes are specified to withstand 20 mA current. 
Thus the input voltage can exceed 1.5Vif the designer limits 
his input current to less than 20 mA. The output voltages 
should be restricted to no less than - 0.5V and no greater 
than Vcc+0.5V, 
or the current must be limited to 20 mA. 


The same limitations on the input diodes apply to the out- 
puts as well. This includes both standard and TRI-STATE 
outputs. These are DC current restrictions. In normal high 
speed systems, line ringing and power supply spiking una- 
voidably cause the inputs or outputs to glitch above these 
limits. This will not damage these diodes or internal circuitry. 
The diodes have been specifically designed to withstand 
momentary transient currents that would normally occur in 
high speed systems. 


Additionally, there is a maximum rating on the DC output or 
supply currents as shown in Table 3. This is a restriction 
dictated by the current capability of the integrated circuit 
metal traces. Again this is a DC specification and it is ex- 
pected that during switching transients the output and sup- 
ply currents could exceed these specifications by several 
times these numbers. 
For most CD4000 and MM54C/MM74C CMOS operating at 
Vee =5V, the designer does not need to worry about exces- 
sive output currents, since the output transistors usually 
cannot source or sink enough current to stress the metal or 
dissipate excessive amounts of power. The high-speed 
CMOS devices do have much improved output characteris- 
tics, so care should be exercised to ensure that they do not 
draw excessive currents for long durations, i.e., greater than 
0.1 seconds. It is also important to ensure that internal dissi- 
pation of a circuit does not exceed the package power dissi- 
pation. This will usually only occur when driving large cur- 
rents into small resistive loads. 


TABLE 3. Absolute Maximum Ratings for 
MM54HC/MM74HC CMOS Logic 


Symbol 
Parameter 
Value 
Unit 


Vee 
DC Supply Voltage 
-0.5 to 7.0 
V 


VIN 
DC Input Voltage 
-1.5 to Vee+ 1.5 
V 


VOUT 
DC Output Voltage 
-0.5 to Vee+0.5 
V 


Standard 
±25 
mA 
lOUT 
DC Current, Per Output Pin 
Bus Driver 
±35 
mA 


Standard 
±50 
mA 
Ice 
DC Vee or Ground Current 
Bus Driver 
±70 
mA 


IIK,IOK 
Input or Output Diode Current 
±20 
mA 


MM54HC/MM74HC 
Input Protection 
As with any circuits designed with MOS transistors "HC" 
logic must be protected against damage due to excessive 
electrostatic discharges, which can sometimes occur during 
handling and assembly procedures. If no protection were 
provided, large static voltages appearing across any two 
pins of a MOS IC could cause damage. However, the new 
input protection which takes full advantage of the "HC" sili- 
con-gate process has been carefully designed to reduce the 
susceptibility of these high-speed CMOS circuits to oxide 
rupture due to large static voltages. In conjunction with the 
input protection, the output parasitic diodes also protect the 
circuit from large static voltages occuring between any in- 
put, output, or supply pin. 


Figure 13shows a schematic of the input protection network 
employed. The network consists of three elements: a poly- 
silicon resistor, a diode connected to Vcc, and a distributed 
diode-resistor connected to ground. This high-speed proc- 
ess utilizes the poly resistor to more effectively isolate the 
input diodes than the diode-resistor used in metal-gate 
CMOS. This resistor will slow down incoming transients and 
dissipate some of their energy. Connected to the resistor 
are the two diodes which clamp the input spike and prevent 
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large voltages from appearing across the transistor. These 
diodes are larger than those used in metal-gate CMOS to 
enable greater current shunting and make them less sus- 
ceptable to damage. The input network is ringed by Vcc and 
ground diffusions, which prevent substrate currents caused 
by these transients from affecting other circuitry. 
The parasitic output diodes (Figure 
13)that isolate the out- 
put transistor drains from the substrate are also important in 
preventing damage. They clamp large voltages that appear 
across the output pins. These diodes are also ringed by Vcc 
and ground diffusions to again shunt substrate currents, 
preventing damage to other parts of the circuit. 


Summary 


The MM54HC/MM74HC, because of many process en- 
hancements, does provide a combination of features from 
54lS/74lS 
and metal-gate CMOS logic families. High- 
speed CMOS gives the designer increased flexibility in pow- 
er supply range over lSTIl, 
much larger output drive than 
CMOS has previously had, wider noise immunity than 54lS1 
74lS, and low CMOS power consumption. 


Interfacing to MM54HCI 
MM74HC High-Speed CMOS 
Logic 


On many occasions it might be necessary to interface 
MM54HC/MM74HC logic to other types of logic or to some 
other control circuitry. HC-CMOScan easily be interfaced to 
any other logic family including 54LS174LS TTL, MM54CI 
MM74C. C04000 CMOS and 10,000 ECL logic. Logic inter- 
facing can be sub-divided into two basic categories: inter- 
facing circuitry operating at the same supply voltage and 
interfacing to circuitry operating on a different voltage. In the 
latter case, some logic level translation is usually required, 
but many easily available circuits simplify this task. Usually, 
both instances require little or no external circuitry. 
• 


Interfacing 
Between 
TTL and MM54HC/MM74HC 
Logic 


This high-speed CMOS family can operate from 2-6V, how- 
ever, in most applications which interface to TTL, both logic 
families will probably operate off the same 5V TTL supply. 
The interconnection can be broken down into two cate- 
gories: TTL outputs driving CMOS inputs, and CMOS out- 
puts driving TTL inputs. In both cases the interface is very 
simple. 


In the first case, TTL driving HC, there are some minor dif- 
ferences in TTL specifications for totem-pole outputs and 
high-speed CMOS input specifications. The TTL output low 
level is completely compatible with the MM54HC/MM74HC 
input low, but TTL outputs are specified to have an output 
high level of 2.4V (2.7V for LSTTL). High-speed CMOS's 
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logic "1" input level is 3.5V (Vcc= 5.0V), so TTL is not guar- 
anteed to pull a valid CMOS logic "1" level. If the TTL circuit 
is only driving CMOS. its output voltage is usually about 
3.5V. HC-CMOS typically recognizes .levels greater than 3V 
as a logic high, so in most instances TTL can drive 
MM74HC/MM54HC. 


To see why TTL does not pull up further, Figure 
1a shows a 
typical standard TTL gate's output schematic. As the output 
pulls up, it can go no higher than two diode voltage drops 
below Vcc due to 02 and 02. So when operating with a 5V 
supply, the TTL output cannot go much higher than about 
3.5V. Figure 
1b shows an LSTTL gate, which has an output 


structure formed by 02 and 04. As the LSTTL output goes 
high. these two transistors cannot pull higher than two base- 
emitter voltage drops below Vcc, and, as above, the output 
cannot go much higher than 3.5V. If the output of either the 
LSTTL or TTL gate is loaded or the off sink transistor has 
some collector leakages, the output voltage will be lower. 
Many LSTTL and ALSTTL circuits take R2 of Figure 2b and 
instead of connecting it to ground, it is connected to the 
output. This 
enables 
the 
TTL 
output 
to 
go 
to 
4.3V 
(Vcc = 5.0V) which is more than adequate to drive CMOS. A 
simple measurement of open circuit VOHcan verify this cir- 
cuit configuration. 


FIGURE 
1. Schematic 
Diagrams 
for Typical (a) Standard 
and 
(b) Low Power Schot",y TTL Outputs 


raise the output high level on the TTL output by placing a 
pull-up resistor from the TTL output to Vcc, as shown in 
Figure 2. When the output pulls up. the resistor pulls the 
voltage very close to VCC'The value of the resistor should 
be chosen based on the LSTTL and CMOS fanout of the LS 
gate. Figure 3 shows the range of pull-up resistors values 
versus LS fanout that can be used. For example. if an 
LSTTL device is driving only CMOS circuits. the resistor val- 
ue is chosen from the left axis which corresponds to a zero 
LSTTL fanout. 


A second solution is to use one of the many MM54HCTI 
MM74HCT TTL input compatible devices. These circuits 
have a specially designed input circuit that is compatible 
with TTL logic levels. Their input high level is specified at 
2.0V and their input low is O.BVwith Vcc= 5.0V± 10%. Thus 
LS can be directly connected to HC logic and the extra pull- 
up resistors can be eliminated. The direct interconnection of 
the TTL to CMOS translators is shown in Figure 
4. 


If TTL open collector outputs with a pull-up resistor are driv- 
ing MM54HC/MM74HC logic. there is no interface circuitry 
needed as the external pull-up will pull the output to a high 
level very close to Vcc. The value of this pull-up for LS 
gates has the same constraints as the totem-pole outputs 
and its value can be chosen from Figure 2 as well. The 
special TTL to CMOS buffers may also be used in this case. 
but they are not necessary. 
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FIGURE 3. Range of Pull-Up Resistors for Low 
Power Schottkey TTL to CMOS Interface 


When MM54HC/MM74HC outputs are driving TTL inputs. 
as shown in Figure 5. there is no incompatibility. Both the 
high and low output voltages are compatible with TTL. The 
only restriction in high-speed CMOS·driving TTL is the same 
fanout restrictions that apply when TTL is driving TTL. 


FIGURE 2. Interfacing 
LSTTL Outputs to Standard 
CMOS Inputs Using a Pull-Up Resistor 


TTl TO 
CIIIOSlfYEl 
TRANSLATOR 


TL/F/5053-4 


FIGURE 4. LSTTL Outputs Directly Drives MM54HCTIMM74HCT Logic 
Directly Which Can Interface to MM54HC/MM74HC 


FIGURE 5. High-Speed CMOS Can Directly Connect Up 
to LSTTL Within Its Fanout Restrictions 


High-speed CMOS has much improved output drive com- 
pared to CD4000 and MM54C/MM74C metlll-gate CMOS 
logic. Figure 6 tabulates the fanout capabilities for this fami- 
ly. MM54HC/MM74HC standard outputs have a fanout ca- 
pability of driving 10 lSTTl 
equivalent load and MM74HC 
bus driver outputs can drive up to 15 lSTTl 
inputs. It is 
unlikely that greater fanouts will be necessary, but several 
gates can be paralleled to increase output drive. 


MM54HC/MM74HC and NMOS/HMOS Interconnection 
With the introduction of CMOS circuits that are speed-equiv- 
alent to lSTTl, 
these fast CMOS devices will replace much 
of the bipolar support logic for many NMOS and HMOS mi- 
croprocessor and lSI circuits. As a group, there is no real 
standard set of input and output specifications, but most 
NMOS circuits conform to TTl logic input and output logic 
level specifications. 
NMOS outputs will typically pull. close to Vcc. As with 
lSTTl, 
standard MM54HC/MM74HC 
CMOS inputs will 
typically 
accept 
NMOS 
outputs 
directly. 
However, 
to 
improve compatibility the MM54HCT/MM74HCT series of 
TTl 
compatible circuits may be used. These devices are 
particularly useful in microprocessor systems, since many 
of the octal devices are bus oriented and have pin-outs 
with inputs and outputs on opposite sides of the package. 
As with lSTTl, 
a second solution is to add a pull-up 
resistor between the NMOS output and Vcc. Both methods 
are shown in Figure 
7. 
MM54HC/MM74HC outputs can directly drive NMOS in- 
puts. In fact, this situation is the same as if high-speed 
CMOS was driving itself. NMOS circuits have near zero in- 
put current and usually have input voltage levels that are 
TTl compatible. Thus MM54HC/MM74HC needs no addi- 
tional circuitry to drive NMOS and there is also virtually no 
DC fanout restriction. 


Interfacing High-Speed CMOS to MM54C/MM74C. 
CD4000 and CM05-LSI 


MM54HC/MM74HC CMOS and metal-gate CMOS logic in- 
terconnection is trivial. When both families are operated for 


the same power supply, no interface circuitry is needed. 
MM54HC/MM74HC, 
CD4000 and MM54C/MM74C 
logic 
families are completely input and output logic level compati- 
ble. Since both families have very low input currents, there 
is essentially no fanout limitations for either family. 


The same input and output compatibility of the HC-CMOS 
makes it also ideal for use interfacing to CMOS-lSI circuits. 
For example, MM54HC/MM74HC can be directly connect- 
ed to the NSCBOO,and BOC4Bmicroprocessors and other 
p2CMOS products, as well as CMOS telecommunications 
products. 


MM54HC/MM74HC to ECl Interconnection 
There may be some instances where an ECl logic system 
must be connected to high-speed CMOS logic. There are 
several possible methods to interconnect these families. 
Figure 8 shows one method which uses the 10125110525 
ECl to TTl interface circuit to go from ECl to HC-CMOS 
logic and the 10124/10524 
to connect CMOS outputs to 
ECl inputs. These devices allow the CMOS to operate with' 
Vcc=5V 
while the ECl circuitry uses a -5.2V 
supply. 
An alternate approach would be to operate the CMOS from 
the - 5.2V ECl supply as shown in Figure 9. Thus CMOS 
outputs could be directly connected to ECl inputs. 


logic 
Interfaces Requiring Level Translation 


There are many instances when interfacing from one logic 
family to another that the other logic family will be operating 
from a different power supply voltage. If this is the case, a 
level translation must be accomplished. There are many dif- 
ferent permutations of up and down level conversions that 
may be required. A few of the more likely ones are dis- 
cussed here. 
. 


HC-CMOS Equivalent 
LSTTL 
TTL 
5-TTL 
AL5-TTL 
Fanouts 
Mln 
Typ 
Mln 
Typ 
Mln 
Typ 
Mln 
Typ 


Standard Output 
MM54HC/MM74HC 
10 
20 
2 
4 
2 
4 
20 
40 


Bus Driver Output 
MM54HC/MM74HC 
15 
30 
4 
B 
3 
6 
30 
60 


FIGURE 6. Equivalent Fanout Capabilities of 
High-Speed CMOS Logic 
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FIGURE 7. Improved Compatibility 
NMOS to CMOS Connection Using 
(a) TTL Input Compatible Devices or (b) External Pull-Up Resistors 
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If MM54HC/MM74HC 
is operated 
in a battery 
back up appli- 
cation 
for a TTL system, 
high-speed 
CMOS 
may be operat- 
ed at Vcc=2-3V 
and can be connected 
to 5V TTL. CMOS 
operating 
at 3V can be directly 
connected 
to TTL since 
its 
input 
and 
output 
levels 
are compatible 
with 
TTL, 
and the 


TTL 
output 
levels 
are 
compatible 
with 
CMOS 
inputs, 
as 
shown 
in Figure 
10. When 
high-speed 
CMOS 
is operated 
at 
2V, the 
TTL 
outputs 
will exceed 
the 
CMOS 
power 
supply 
and the CMOS 
outputs 
will just 
barely 
pull high enough 
to 
drive TTL, so some 
level translation 
will be necessary. 


LSTTL LOGIC 


TLIF/5053-11 


FIGURE 
10. When 
HC-CMOS 
Is Operating 
At Vcc=3V 
No Logic 
Level 
Conversion 
Circuitry 
Is Needed 


CD4000 
and MM54C/MM74C 
metal-gate CMOS logic can 
be operated over a wider supply range that MM54HCI 
MM74HC. 
and because of this there will be instances when 


metal-gate CMOS and HC-CMOS 
will be operated off differ- 


ent supply voltages. Usually 9V to 15V CD4000 
logic levels 


74C901 
74C902 
CD4049 
CD4050 
54HC4D49 
or 


54HC4050 


will have to be down converted to 5V high-speed CMOS 
levels. Figure 
11shows several possible down conversion 


techniques using either a CD4049. 
CD4050. 
MM54HC4049. 


MM54HC4050. 
or MM54C906. 


l, 
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FIGURE 
11. CD4000 
or 74C Series 
CMOS to HC-CMOS 
Connection 
with Logic 
Level Conversion 
Using (a) Special 
Down Converters 
or (b) Open Drain CMOS 


Since CMOS has a high input impedance, another possibili- 
ty is to use a resistor voltage divider for down level conver- 
sion as shown in Figure 
12. Voltage dividers will, however, 
dissipate some power. 


Up conversion 
from 
MM54HC/MM74HC 
to 
metal-gate 


CMOS can be accomplished as shown in Figure 13.Here an 
MM54C906 open drain buffer with a pull-up resistor tied to 
the larger power supply is used. 
I 


FIGURE 12. CMOS to "HC" CMOS Logic Level Translation 
Using Resistor Divider 


HC-CMOS 
LOGIC 


TL/F/5053-14 


TL/F/5053-15 


FIGURE 13. HC-CMOS to CD4000 or 74C Series CMOS Connection with 
Logic Level Conversion Using an Open Drain CMOS Circuit 


High Voltage 
and Industrial 
Control Interfaces 


On occasion, interfacing to industrial and automotive control 
systems may be necessary. If these systems operate within 
the metal-gate CMOS supply range, interfacing MM54HCI 
MM74HC to them is similar to interfacing to CD4000 operat- 
ing at a higher supply. In rugged industrial environments, 
care may be required to ensure that large transients do not 
harm the CMOS logic. Figure 14shows a typical connection 
to a high voltage system using diode clamps for input and 
output protection. 
The higher drive of HC-CMOS can enable direct connection 
to relay circuits, but additional isolation is recommended. 
Clamp diodes should again be used to prevent spikes gen- 
erated by the relay from harming the CMOS device. For 
higher current drive an external transistor may be used to 
interface to high-speed CMOS. Both of these are shown in 
Figure 
15. Also, the higher drive enables easy connection to 


SCR's and other power control semiconductors as shown in 
Figure 
16. 


Conclusion 
Interfacing between different logic families is not at all diffi- 
cult. In most instances, when no logic level translation be- 
tween is done, no external circuitry is needed to intercon- 
nect logic families. Even though the wide supply range of 
MM54C/MM74C and CD4000 creates many possible logic 
level conversion interface situations, most are easily han- 
dled by employing a minimum of extra circuitry. Additionally, 
several special interface devices also simplify logic level 
conversion. 
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FIGURE 
14. Interfacing 
Between 
HC-CMOS 
and High Voltage 
Control 
Logic. 
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FIGURE 
16. MM54HC/MM74HC 
Driving an SCR 


AC Characteristics 
of 
MM54HC/MM74HC 
High-Speed CMOS 


When deciding what circuits to use for a design, speed is 
most often a very important criteria. MM54HC/MM74HC is 
intended to offer the same basic speed performance as low 
power Schottky TIL while giving the designer the low power 
and high noise immunity characteristics of CMOS. In other 
words, HC-CMOS is about ten times faster than CD4000 
and MM54C/MM74C metal-gate CMOS logic. Even though 
HC-CMOS logic does have speeds similar to LSTIL, there 
are some differences in how this family's speeds are speci- 
fied, and how various parameters affect circuit performance. 


To give the designer an idea of the expected performance, 
this discussion will include how the AC characteristics of 
high-speed CMOS are specified. This logic family has been 
specified so that in the majority of applications, the specifi- 
cations can be directly applied to the design. Since it is 
impossible to specity a device under all possible situations, 
performance variations with power supply, loading and tem- 
perature are discussed, and several easy methods for de- 
termining propagation delays in nearly any situation are also 
described. Finally, it is useful to compare the performance 
of HC-CMOS to 54LS/74LS and to CD4000. 


Data Sheet Specifications 
Even though the speeds achieved by this high-speed CMOS 
family are similar to LSTIL, the input, output and power 
supply characteristics are very similar to metal-gate CMOS. 
Because of this, the actual measurements for various timing 
parameters are not done the same way as TIL. 
The 
MM54HCTIMM74HCT TIL input compatible circuits are an 
exception. 
Standard HC-CMOS AC specifications are measured at 
Vcc=2.0V, 
4.5V, 6.0V for room, military and commercial 
temperature ranges. Also HC is specified with LS equivalent 
supply (5.0V) and load condi~ionsto enable proper compari- 
son to low power Schottkey TIL. 
Input signal levels are 
ground to VCCwith rise and fall times of 6 ns (10% to 90%). 
Since standard CMOS logic has a logic trip point at about 
mid-supply, and the outputs will transition from ground to 
VCC,timing measurements are made from the 50% points 
on input and output waveforms. This is shown in Figure 
1. 
Using the mid-supply point gives a more accurate represen- 
tation of how high-speed CMOS will perform in a CMOS 
system. This is different from the 1.3V measurement point 
and ground to 3V input waveforms that are used to measure 
TILtiming. 
This output loading used for data sheet specifications fall 
into two categories, depending on the output drive capability 
of the specific device. The output drive categories are stan- 
dard 
outputs 
(IOl = 4 
mAl 
and 
bus 
driver 
outputs 
(IOl = 6 mAl. Timing measurements for standard outputs 
are made using a 50 pF load. Bus driver circuits are mea- 
sured using both a 50 pF and 150 pF load. In all AC tests, 
the test load capacitance includes all stray and test jig ca- 
pacitances. 
- 


TRI-STATE4I>measurements where the outputs go from an 
active output level to a high impedance state, are made 
using the same input waveforms described above, but the 
timing is measured to the 10% or 90% points on the output 
waveforms. The test circuit load is composed of a 50 pF 
capacitor and a 1 k!l. resistor. To test tpHZ, the resistor is 
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swiched to ground, and for tpLZ it is switched to Vcc. The 
TRI-STATE test circuit and typical timing waveforms are 
shown in Figure 
2. 
Measurements, where the output goes from the high imped- 
ance state to active output, are the same except that mea- 
surements are made to the 50% points and for bus driver 
devices both 50 pF and 150 pF capacitors are used. 


INPUT 
(DATA, J, K, ETC.) 


llV 


'NDTE: 
tw COULD BE EITHER 
POSITIVE 
OR NEGATIVE PULSE 
DEPENDINO 
ON SPECIFICATION 
TUF/5067-2 


(c) 


FIGURE 1. Typical Timing Waveform for (a) Propagation 
Delays, and (b) Clocked Delays. Also Test 
Circuit (c) for These Waveforms (t.=t,=6 
ns) 


FIGURE 2. Typical TRI-STATE (a) Timing Waveforms 
and (b) Test Circuit 


The MM54HCT/MM74HCT TIL 
input compatible devices 
!Ire intended to operate with TIL devices, and so it makes 
sense to specify them the same way as TIL. 
Thus, as 
shown in Figure 3, typical timing input waveforms use 0-3V 
levels and timing measurements are made from the 1.3V 
levels on these signals. The test circuits used are the same 
as standard HC input circuits. This is shown in Figure 3. 
These measurements are compatible with TIL type speci- 
fied devices. 
Specifying standard MM54HC/MM74HC speeds using 2.5V 
input measurement levels does represent a specification in- 
compatibility between TIL and most RAM/ROM and micro- 
processor speed specifications. It should not, however, 
present a design problem. The timing difference that results 
from using different measurement points is the time it takes 
for an output to make the extra excursion from 1.3Vto 2.5V. 
Thus, for a standard high-speed CMOS output, the extra 
transition time should result, worst case, in less than a 2 ns 
increase in the circuit delay measurement for a 50 pF load. 
Thus in speed critical designs adding 1-2 ns safely enables 
proper design of HC into the TIL level systems. 


Power Supply Affect on AC Performance 
The overall power supply range of MM54HC/MM74HC logic 
is not as wide as CD4000 series CMOS due to performance 
optimization for 5V operation; however, this family can oper- 
ate over a 2-6V range which does enable some versatility, 


FIGURE 3. Typical Timing Waveforms for (a) 
Propagation Delays, and (b) Clocked Delays for 54HCT/ 
74HCT Devices (tr= tf= 6 ns) 


especially when battery operated. Like metal-gate CMOS, 
lowering the power supply voltage will result in increased 
circuit delays. Some typical delays are shown in Figure 4. As 
the supply voltage is decreased from 5V to 2V, propagation 
delays increase by about two to three times, and when the 
voltage is increased to 6V, the delays decrease by 10-15%. 
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FIGURE 4. Typical Propagation Delay Variations of 
74HCOO,74HC139, 74HC174 with Power Supply 


In some designs 
it may be important 
to calculate 
the expect- 


ed propagation 
delays for a specific 
situation 
not covered 
in 


the data 
sheet. 
This 
can easily 
be accomplished 
by using 


the 
normalized 
curve 
of Figure 
5 which 
plots 
propagation 


delay 
variation 
constant, 
t(V), versus 
power 
supply 
voltage 


normalized 
to 4.5V and 5V operation. 
This constant, 
when 


used 
with 
the following 
equation 
and the data 
sheet 
5.0V 


specifications, 
yields 
the 
required 
delay 
at 
any 
power 


supply. 


tpo(V)= 
[t(V)] [tpo(5V)] 
1.0 


Where 
tpo(5V) 
is the 
data 
sheet 
delay 
and 
tpo(V) 
is the 


resultant 
delay 
at 
the 
desired 
supply 
voltage. 


This curve 
can also 
be used 
for the Vcc=4.5V 
specifica- 


tions. 


For example, 
to calculate 
the typical 
delay of the 74HCOO at 


Vcc=6V, 
the data sheet typical 
of 9 ns (15 pF load) is used. 


From Figure 
5 tM 
is 0.9, so the 6V delay would 
be 8 ns. 


FIGURE 
5. MM54HCMM74HC 
Propagation 
Delay 
Variation 
Vs. Power 
Supply 
Normalized 
to 
Vcc= 
4.5V, and Vcc= 
5.0V 


Speed 
Variation 
with 
Capacitive 
Loading 


When 
high-speed 
CMOS 
is designed 
into a CMOS 
system, 
the load on a given 
output 
is essentially 
capacitive, 
and is 


the 
sum 
of the 
individual 
input 
capacitances, 
TRI-STATE 


output 
capacitances, 
and parasitic 
wiring 
capacitances. 
As 


the load is increased, 
the propagation 
delay increases. 
The 


rate of increase 
in delay for a particular 
device 
is due to the 


increased 
charge/discharge 
time of the output 
and the load. 


The rate at which 
the delay 
changes 
is dependent 
on the 


output 
impedance 
of 
the 
MM54HC/MM74HC 
circuit. 
As 


mentioned, 
for 
high-speed 
CMOS, 
there 
are 
two 
output 


structures: 
bus driver and standard. 


Figure 
6 plots 
some 
typical 
propagation 
delay 
variations 


against 
load 
capacitance. 
To calculate 
under 
a particular 


load condition 
what the propagation 
delay of a circuit is, one 
need only know what the rate of change 
of the propagation 


delay with the load capacitance 
and use this number 
to ex- 


trapolate 
the delay from the data sheet vaue to the desired 


value. 
Figure 
7 plots this constant, 
tIC), against 
power 
sup- 
ply voltage 
variation. 
Thus, 
by expanding 
on equation 
1.0, 
the propagation 
delay at any load and power 
supply can be 


calculated 
using: 


tpo(C,V)= 
[t(C)(CL -15 
pF)] + [tpo(5V) 
t(V)] 
1.1 


Where 
t(V) 
is the 
propagation 
delay 
variation 
with 
power 


supply 
constant, 
tpo(5V) 
is 
the 
data 
sheet 
4.5V 
(use 
(CL - 
= 50 pF) in equation) 
or 5V delay, 
CL is the load ca- 


pacitance 
and tpo(C,V) 
is the resultant 
propagation 
delay at 


the desired 
load and supply. This equation's 
first term is the 


difference 
in propagation 
delay 
from 
the desired 
load 
and 


the data 
sheet 
specification 
load. 
The 
second 
term 
is es- 


sentially 
equation 
1.0. If the 
delay 
is to 
be calculated 
at 


Vcc = 5V, then 
t(V) = 1 and 
tIC) = 
0.042 
ns/pF 
(standard 


output), 
0.028 
ns/pF 
(bus output). 


Using the previous 
74HCOO example, 
the delay at Vcc=6V 


and a 100 pF load is: 


tpo(100 
pF,6V) = (0.042)(100-15) 
+ (0.9 X 9) = 11 ns 
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FIGURE 
6. Typical 
Propagation 
Delay 
Variation 
With 


Load 
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for 74HC04, 
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FIGURE 
7. Propagation 
Delay 
Capacitance 
Variation 


Constant 
Vs. Power 
Supply 


Speed 
Variations 
with 
Change 
In Temperature 


Changes 
in temperature 
will cause 
some 
change 
in speed. 


As with 
CD4000 
and 
other 
metal-gate 
CMOS 
logic 
parts, 


MM54HC/MM74HC 
operates 
slightly 
slower 
at 
elevated 


temperatures, 
and somewhat 
faster 
at lower 
temperatures. 


The mechanism 
which 
causes 
this variation 
is the same 
as 


that 
which 
causes 
variations 
in 
metal-gate 
CMOS. 
This 


for 
some 
high-speed 
CMOS 
circuits. 
As 
can 
be 
seen, 


speeds 
derate 
fairly 
linearly 
from 25'C 
at about 
-0.3%/C. 
Thus, 
125'C 
propagation 
delays 
will 
be 
increased 
about 
30% from 
25'C. 
54HC/74HC 
speeds 
are specified 
at room 
temperature, 
-40 
to 85'C 
(commercial 
temperature 
range), 


and 
-55 
to 125'C 
(military 
range). 
In virtually 
all cases 
the 
numbers 
given are for the highest 
temperature. 


To calculate 
the expected 
device 
speeds 
at any tempera- 
ture, 
not 
specified 
in the 
device 
data 
sheet, 
the following 
equation 
can be used: 


tpO(T)= 
[1 + «T -25)(0.003))][tpo(25)] 
1.2 


Where 
tpo(T) 
is the delay 
at the desired 
temperature, 
and 
tpo(25) 
is the room 
temperature 
delay. 
Using 
the 74HCOO 
example 
from the previous 
section, 
the expected 
increase 
in 
propagation 
delay 
when 
operated 
at Vcc=5V 
and 85'C 
is 
[1+ (85-25)(0.003)](10 
ns)l = 12 ns. The expected 
delay at 
some other supply can also be calculated 
by calculating 
the 
room 
temperature 
delay 
then 
calculating 
the 
delay 
at the 
desired 
temperature. 
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FIGURE 
8. Typical 
Propagation 
Delay 
Variation 
With 
Temperature 
for 54HC02, 
54HC390, 
54HC139,54HC151 


Output 
Rise and Fall, Setup 
and Hold Times 
and Pulse 
Width 
Perlormance 
Variations 


So far, the previous 
discussion 
has been restricted 
to propa- 
gation 
delay 
variations, 
and 
in most 
instances, 
this 
is the 
most 
important 
parameter 
to 
know. 
Output 
rise 
and 
fall 
times 
may also be important. 
Unlike TIL 
type logic families 
HC specifies 
these 
in the 
data 
sheet. 
High-speed 
CMOS 
outputs 
were 
designed 
to 
have 
typically 
symmetrical 
rise 
and fall times. 
Output 
rise and fall time variations 
track very 
closely 
the 
propagation 
delay 
variations 
over 
temperature 
and supply. 
Figure 
9 plots 
rise and fall time against 
output 
load at Vcc= 
5V and at room 
temperature. 
Load variation 
of the transition 
time 
is twice 
the delay 
variation 
because 
delays 
are 
measured 
at 
halfway 
points 
on the 
waveform 
transition. 


Setup 
times 
and 
pulse 
width 
performance 
under 
different 
conditions 
may be necessary 
when 
using clocked 
logic cir- 
cuits. 
These 
parameters 
are 
indirect 
measurements 
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FIGURE 
9. Typical 
Output 
Rise or Fall Time 
Vs. Load 
For 
Standard 
and Bus Driver 
Outputs 


Input 
Rise and Fall Times 


Another 
speed 
consideration, 
though 
not directly 
related 
to 
propagation 
delays, 
is input rise and fall time. As with other 
high-speed 
logic families 
and also CD4000B 
and 54C/74C 
CMOS, 
slow 
input 
rise and fall times 
on input 
signals 
can 
cause 
logic problems. 


Typically, 
small 
signal 
gains for a MM54HC/MM74HC 
gate 
is greater 
than 
1000 and, if input signals 
spend 
appreciable 
time between 
logic states, 
noise on the input or power 
sup- 
ply will cause 
the output 
to oscillate 
during 
this transition. 


This oscillation 
could 
cause 
logic errors 
in t;ie user's 
circuit 
as well as dissipate 
extra power 
unnecessarily. 
For this rea- 
son MM54HC/MM74HC 
data sheets 
recommend 
that input 
rise and fall times 
be shorter 
than 500 ns at VcC=4.5V. 


Flip-flops 
and other 
clocked 
circuits 
also 
should 
have their 
input rise and fall times 
faster 
than 500 ns at Vcc=4.5V. 
If 
clock 
input 
rise 
and 
fall 
times 
become 
too 
long. 
system 
noise can generate 
internal 
oscillations, 
causing 
the internal 
flip-flops 
to toggle 
on the wrong external 
clock edge. Even if 
no noise were present, 
internal 
clock 
skew 
caused 
by slow 
• 


rise times 
could 
cause 
the logic to malfunction. 


If long rise and fall times 
are unavoidable. 
Schmitt 
triggers 
CHC14/'HC132) 
or 
other 
special 
devices 
that 
employ 
Schmitt 
trigger 
circuits 
should 
be used 
to speed 
up these 
input signals. 


Logic 
Family 
Perlormance 
Comparison 


To obtain 
a better 
feeling 
of how 
high-speed 
CMOS 
com- 
pares 
to bipolar 
and other 
CMOS 
logic families. 
Figure 
10 
plots 
MM54HC/MM74HC, 
54LS174LS 
and CD4000B 
logic 
device 
speeds 
versus 
output 
loading. 
HC-CMOS 
propaga- 


tion delay 
and delay 
variation 
with 
load is nearly the same 
as 
LSTIL 
and 
about 
ten 
times 
faster 
than 
metal-gate 
CMOS. Utilizing a silicon-gate 
process 
enables 
achievement 
of LSTIL 
speeds, 
and the large output 
drive of this family 
enables 
the variation 
with loading 
to be nearly the same as 
LSTIL 
as well. 


When 
comparing 
to CD4000 
operating 
at 5V. HC-CMOS 
is 
typically 
ten times 
faster, 
and about 
three 
times 
faster 
than 
CD4000 
logic operating 
at 15V. This is shown 
in Figure 
11. 
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FIGURE 
10. Comparison 
of LSTIL 
and High-Speed 
CMOS Delays 


At 
5V 
CD4000 
has 
about 
a 
tenth 
the 
output 
drive 
of 
MM54HC/MM74HC 
and as seen in Figure 
10, the capacitive 
delay variation 
is much larger, 


As shown 
in Figure 
12, the 
temperature 
variation 
of 
HC- 
CMOS 
is similar 
to CD4000, 
This is due to the same physi- 
cal phenomenon 
in both families, 
The 54LS174LS 
logic fam- 


ily has a very different 
temperature 
variation, 
which 
is due to 
different 
circuit 
parameter 
variations. 
One 
advantage 
to 
CMOS 
is that 
its temperature 
variation 
is predictable, 
but 
with 
LSTTL, 
sometimes 
the 
speed 
increases 
and 
other 
times 
speed 
decreases 
with temperature. 


The inherent 
symmetry 
of MM54HC/MM74HC's 
logic levels 
and rise and fall times tends to make high to low and low to 
high propagation 
delay very similar, thus making 
these parts 
easy to use. 
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FIGURE 
11. Comparison 
of Metal-Gate 
CMOS and 
Hlgh·Speed 
CMOS Delays 
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FIGURE 
12. Comparison 
of HC-CMOS, 
Metal-Gate 
CMOS, and LSTTL 
Propagation 
Delay 
Vs. Temperature 


Conclusion 


High-speed 
CMOS 
circuits 
are 
speed 
compatible 
with 
54LS/74LS 
circuits, 
not only on the data 
sheets, 
but even 
driving 
different 
loads. 
In general, 
HC-CMOS 
provides 
a 
large 
improvement 
in performance 
over 
older 
metal-gate 
CMOS. 


By using 
some 
of the equations 
and curves 
detailed 
here, 


along 
with data sheet 
specifications, 
the designer 
can very 
closely 
estimate 
the 
performance 
of 
any 
MM54HCI 
MM74HC 
device. 
Even 
though 
the 
above 
examples 
illus- 
trate typical 
performance 
calculations, 
a more conservative 
design can be implemented 
by more conservatively 
estimat- 
ing various 
constants 
and using worst 
case 
data sheet 
lim- 
its. It is also 
possible 
to estimate 
the fastest 
propagation 
delays 
by using speeds 
about 
0.4-0.7 
times 
the data sheet 
typicals 
and aggressively 
estimating 
the various 
constants. 
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The MM54HC/MM74HC family of high speed logic compo- 
and to be 8-10 tiriles faster than CD4000B and MM54C/ 


nents provides a combination of speed and power charac- 
MM74C logic. Table I compares high speed CMOS to the 
teristics that is not duplicated by bipolar logic families or any 
bipolar logic families. HC-CMOS gate delays are typically 


other 
CMOS family. This CMOS family has operating 
the same as LS-TIL, and ALS-TIL is two to three times 


speeds similar to low power Schottky (54LS/74LS) technol- 
faster. S-TIL is also about twice as fast as HC-CMOS. Flip- 


ogy. MM54HC/MM74HC is approximately half as fast (de- 
flop and counter speeds also follow the same pattern. 


lays are twice as long) as the 54ALS/74ALS and 54S/74S 
Also, HC logic's propagation delay variation due to changes 
logic. Compared to CD4000 and 54C/74C, this is an order 
in capacitive loading is very similar to LS-TIL. Figure 1illus- 
of magnitude improvement in speed, which is achieved by 
trates this by plotting delay versus loading for the various 
utilizing an advanced 3.5 micron silicon gate-recessed oxide 
bipolar logic families and MM54HC/MM74HC. HC-CMOS 
CMOS process. The MM54HC/MM74HC components are 
has virtually the same speed and load-delay variation as 
designed to retain all the advantages of older metal gate 
CMOS, plus provide the speeds required by today's high 
speed systems. 
Another key advantage of the MM54HC/MM74HC family is 
30 


that it provides the functions and pin outs of the popular 
54LS174LS series logic components. Many functions which 
g 


are unique to the CD4000 metal gate CMOS family have 
=s 
20 
.' 
,'-' 
also been implemented in this high speed technology. In 
i!l 
74LS , ~~~ 
addition, the MM54HC/MM74HC family contains several 
z 
R 
special functions not previously implemented in CD4000 or 
ij 
-~ 
,.. "'7.zLS 
'" 
to 
54LS/74LS. 
~ 
~~ 
:1::.-"-r- 
0 
IE 
•.. 
Although the functions and the speeds are the same as 
:- 
7t 
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54LS174LS, some of the electrical characteristics are differ- 
ent from either LS-TIL, S-TIL or ALS-TIL. The following 
0 
0 
50 
100 
150 
200 
discusses these differences and highlights the advantages 
LOAD CAPACITANCE 
(pF) 
and disadvantages of high speed CMOS. 
TL/F/5101-1 


AC PERFORMANCE 
As mentioned previously, the MM54HC/MM74HC logic fam- 
FIGURE 1. HC, LS, ALS, S Comparison of Propagation 


ily has been designed to have speeds equivalent to LS-TIL, 
Delay vs Load for a NAND Gate 


TABLE I. COMPARISON OF TYPICAL AC PERFORMANCE OF LS-TTL, 5-TTL, AL5-TTL AND HC-CMOS 


Gates 
LS-TTL 
ALS-TTL 
HC-CMOS 
S-TTL 
Units 


74XXOO 
Propagation Delay 
8 
5 
8 
4 
ns 


74XX04 
Propagation Delay 
8 
4 
8 
3 
ns 


Combinational 
MSI 


74XX139 
Propagation Delay 
Select 
25 
8 
25 
8 
ns 
Enable 
21 
8 
20 
7 
ns 


74XX151 
Propagation Delay 
Address 
27 
8 
26 
12 
ns 
Strobe 
26 
7 
17 
12 
ns 


74XX240 
Propagation Delay 
12 
3 
10 
5 
ns 
Enable/Disable Time 
20 
7 
17 
10 
ns 


ClockedMSI 


74XX174 
Propagation Delay 
20 
7 
18 
13 
ns 
Operating Frequency 
40 
50 
50 
100 
MHz 


74XX374 
Propagation Delay 
19 
7 
16 
11 
ns 
Enable/Disable Time 
21 
9 
17 
11 
ns 
Operating Frequency 
50 
50 
50 
100 
MHz 


LS-TIL 
and, as is expected, 
is slower 
than ALS and S-TIL 
logic. The slopes 
of these lines indicate 
the amount 
of varia- 
tion in speed with loading, 
and are dependent 
on the output 
impedance 
of the particular 
logic gate. 
The delay 
variation 
of LS-TIL 
and 
HC-CMOS 
is similar 
whereas 
ALS-TIL 
and 
S-TIL 
have slightly 
less variation. 


POWER 
DISSIPATION 


CD4000B 
and 
MM54C/MM74C 
CMOS 
devices 
are 
well 
known 
for extremely 
low quiescent 
power 
dissipation, 
and 
high 
speed 
CMOS 
retains 
this 
feature. 
Table 
II compares 
typical 
HC static 
power 
consumption 
with 
LS, ALS 
and S- 
TIL. 
Even CMOS 
MSI dissipation 
is well below 
1 ".W while 
LS-TIL 
dissipation 
is 
many 
milliwatts. 
This 
makes 
MM54HC/MM74HC 
ideal 
for battery 
operated 
or ultra-low 
power 
systems 
where 
the system 
may be put to "sleep" 
by 
shutting 
off the system 
clock. 


TABLE 
II. COMPARISON 
OF TYPICAL 
QUIESCENT 
SUPPLY 
CURRENT 
FOR VARIOUS 
LOGIC 
FAMILIES 


HC-CMOS 
LS-TTL 
ALS·TTL 
S-TTL 


SSI 
0.0025 
".W 
5.0mW 
2.0mW 
75mW 


Flip-Flop 
0.005 ".W 
20.0mW 
10mW 
150mW 


MSI 
0.25".W 
90mW 
40mW' 
470mW 


CMOS 
dissipation 
increases 
proportionately 
with operating 
frequency. 
Doubling 
the 
operating 
frequency 
doubles 
the 
current 
consumption. 
This is due to currents 
generated 
by 
charging 
internal 
and 
load 
capacitances. 
Figure 
2 shows 
power dissipation 
versus frequency 
for a completely 
unload- 
ed NAND 
gate, 
flip-flOp 
and 
counter 
implemented 
in all 4 
technologies. 


The LS, Sand 
ALS curves 
are essentially 
flat because 
the 
quiescent 
currents 
mask 
out 
capacitive 
effects, 
except 
at 
very 
high frequencies. 
Capacitive 
effects 
are slightly 
lower 
for the 
TIL 
families, 
so that, 
at high frequencies, 
CMOS 
dissipation 
may actually 
be more than ALS and LS. Howev- 
er, the power 
crossover 
frequency 
is usually 
well above 
the 
maximum 
operating 
frequency 
of MM54HC/MM74HC. 


The 
previously 
mentioned 
curves 
plot 
unloaded 
circuits. 


When 
considering 
typical 
system 
power 
consumption, 
ca- 
pacitive 
loading 
should 
also 
be considered. 
Table 
III lists 
components 
to implement 
all the support 
logic for a small 
microprocessor 
based 
system. 
By assuming 
a typical 
load 
capacitance 
of 50 pF, the power dissipation 
for these devic- 
es can be calculated 
at various 
average 
system 
clock 
fre- 


quencies. 
Figure 
3 
plots 
power 
consumption 
for 
74HC, 
74LS, 74ALS 
and 74S logic implementations. 
Above 
1 MHz, 
capacitive 
currents 
now also tend to dominate 
bipolar 
power 
dissipation 
as well. 


TABLE 
III. HYPOTHETICAL 
"GLUE" 
LOGIC 
FOR A 
TYPICAL 
MICROPROCESSOR 
SYSTEM 


System 
Components 
/I of ICs 


Address 
Decoders 
('138) 
10 


Address 
Comparators 
('688) 
5 


Address/Data 
Buffers 
('240/4) 
10 


Address/Data 
Latches 
('373/4) 
20 


MSI Control/Gating 
('00, '10) 
30 


Misc. Counter/Shift 
Reg ('161, '164) 
20 


Flip-Flops 
('73/4) 
10 


10•. 


10k 
lOOk 
1M 
10M 
100M 


AVERAGE SYSTEM 
OPERATING FREQUENCY 1Hz) 


TL/F/5101-2 


FIGURE 
3. Power 
Consumption 
for Hypothetical 
Microprocessor 
System 
Support 
Logic 
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FIGURE 
2. Supply 
Current 
Consumption 
Comparison 
for (a) 74XXOO (b) 74XX714 
(c) 74XX161 
Circuits 


"""'~ 
WillU" ,,"""SS60 
a small amount 
01 me time, resulting 


in effective 
clock 
frequencies 
on the order 
of 100 kHz for 


these 
sections. 
Thus, 
the average 
system 
clock 
frequency 
would 
be around 
1 to 2 MHz, and an 8 to 1 power 
savings 
would 
be realized 
by using CMOS. 


Another 
simplification 
was made to calculate 
system 
power. 


CMOS 
circuits 
will 
dissipate 
much 
less 
power 
when 
TRI- 
STATE~, 
which 
would 
save 
much 
power 
since, 
in a given 
bus cycle, only a few buffers 
will be enabled. 
LS, ALS and S, 
however, 
actually 
dissipate 
more 
power 
when 
their outputs 
are disabled. 


Several 
interesting 
conclusions 
can be drawn from Figure 3. 
First, 
notice 
that, 
at higher 
frequencies, 
the 
bipolar 
logic 


families 
start 
to dissipate 
more 
power. 
This 
is a result 
of 


current 
consumption 
due to switching 
the load. As the oper- 
ating frequency 
approaches 
infinity, this will be the dominant 


effect. 
So, for extremely 
fast low power systems, 
minimizing 


load capacitance 
and overall 
operating 
frequency 
becomes 


more 
important. 
As 
lower 
power 
TIL 
logic 
is introduced, 
system 
power 
will be increasingly 
dependent 
on capacitive 


load effects 
similar 
to CMOS. 


cies are usually 
far above 
the 30 MHz limit of HC-CMOS 
or 


i..S-TIL. 


INPUT VOLTAGE 
CHARACTERISTICS 
AND NOISE 
IMMUNITY 


To maintain 
the 
advantage 
CMOS 
has in noise 
immunity, 


the input logic levels 
are defined 
to be similar to metal gate 


CMOS. 
At 
Vcc=5V, 
MM54HC/MM74HC 
is designed 
to 


have input voltages 
of VIH=3.5V 
and VIL = 1.0V. Additional- 
ly, input voltage 
over the operating 
supply 
voltage 
range 
is: 


VIH =0.7Vcc 
and VIL = 0.2Vcc. 
This compares 
to VIH= 2.0V 


and VIL =0.8V 
specified 
for LS-TIL 
over 
its supply 
range. 


Figure 
4 illustrates 
the 
input 
voltage 
differences, 
and 
the 


greater 
noise 
immunity 
HC logic has over 
its supply 
range. 


Maintaining 
wide noise immunity 
gives HC-CMOS 
an advan- 


tage 
in many industrial, 
automotive, 
and computer 
applica- 
tions where 
high noise levels 
exist. 
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FIGURE 
4. Worst-Case 
Input and Output 
Voltages 
Over 
Operating 
Supply 
Range for HC and LS Logic 
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FIGURE 
5. Input-Output 
Transfer 
Characteristics 
for 74XXOO 
NAND Gate Implemented 
in (a) HC-CMOS 
(b) LS-TTL 
(c) ALS-TTL 


Another 
indication 
of DC noise immunity 
is the typical 
trans- 
fer characteristics 
for the logic families. 
Figure 
5 shows 
the 


transfer 
function 
of the 74XXOO NAND 
gate for HC-CMOS, 


LS-TTL 
and ALS-TTL. 
High speed 
CMOS 
has a very sharp 


transition 
typically 
at 2.25V, 
and this transition 
point is very 
stable 
over temperature. 
The bipolar 
logic transfer 
functions 


are not as sharp 
and vary 
several 
hundred 
millivolts 
over 


temperature. 
This sharp transition 
is due to the large circuit 


gains 
provided 
by triple 
buffering 
the HC-CMOS 
gate com- 


pared 
to the single 
bipolar 
gain stage. 
Figure 
6 compares 


the transfer 
function 
of the 'HCOa and the 'ALSOa, both 
of 


which 
are double 
buffered. 
The 'ALSOa has a sharper 
tran- 


sition, 
but the CMOS 
gate still has less temperature 
varia- 
tion and a more 
centered 
trip point. 
However, 
the TTL trip 


point 
is not dependent 
on Vcc 
variation 
as CMOS 
is. 


The high speed 
CMOS 
input levels 
are not totally 
compati- 
ble with 
TTL 
output 
voltage 
specifications. 
To make 
them 


compatible 
would compromise 
noise immunity, 
die size, and 


significant 
speed. 
The designer 
may improve 
compatibility 


by adding 
a pull-up 
resistor 
to the TTL output. 
He may also 


utilize 
a series 
of TTL-to-CMOS 
level converters 
which 
are 
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being provided 
to ease design 
of mixed 
HC/LS/ALS/S 
sys- 


tems. 
These 
buffers 
have o.av 
and 2.0V TTL input voltage 
specifications, 
and 
provide 
CMOS 
compatible 
outputs. 


When 
mixing logic, the noise immunity 
at the TTL to CMOS 
interface 
is no better 
than LS- TTL, but a substantial 
savings 
in power 
will occur 
when 
using MM54HC/MM74HC 
logic. 


INPUT CURRENT 


The HC family 
maintains 
the ultra-low 
input 'currents 
typical 
of CMOS 
circuits. 
This 
current 
is less 
than 
1 IJ-A and 
is 
caused 
by input protection 
diode 
leakages. 
This compares 
to the much larger LS-TTL 
input currents 
of 0.4 mA for a low 
input and 40 IJ-Afor a high input. ALS-TTL 
input currents 
are 
0.2 mA and 20 IJ-Aand S-TTL input currents 
are 3.2 mA and 
100 IJ-A. Figure 
7 tabulates 
these 
values. 
The near zero 
in- 
put current 
of CMOS 
eases 
designing, 
since 
a typical 
input 
can be viewed 
as an open 
circuit. 
This eliminates 
the need 
for 
fanout 
restrictions 
which 
are 
necessary 
in TTL 
logic 
designs. 
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FIGURE 
6. Input-Output 
Transfer 
Characteristics 
for 
74XX08 
AND Gate Implemented 
In (a) HC-CMOS 
(b) AL5-TTL 
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FIGURE 
7. Comparison 
of Input 
Current 
Specifications 
for Various 
Logic 
Families 


POWER SUPPLY RANGE 


Figure 
4 also compares the supply range of MM54HCI 
MM74HC logic and LS-TIL. The high speed CMOS family is 
specified to operate at voltages from 2V to 6V. 54LS, 54S 
and 54ALS logic is specified to operate from 4.5V to 5.5V, 
and 74LS and 74S will operate from 4.75V to 5.25V. 74ALS 
is specified over a 4.5V to 5.5V supply range. This wider 
operating range for the HC family eases power supply de- 
sign by eliminating costly regulators and enhances battery 
operation capabilities. 


OUTPUT DRIVE 


Since there was no speed, noise immunity, or power trade- 
off, standard HC-CMOS was designed to have similar high 
current output drive that is characteristic of LS-TIL 
and 
ALS-TIL. Sch9ttky TIL has about 5 times the output drive 
of MM54HC/MM74HC. Thus HC-CMOS has an output low 
current specification of 4 mA at an output voltage of OAV. In 
keeping with CD4000B series and 54C/74C 
series logic, the 
source and sink currents are symmetrical. Thus HC logic 
can source 4 mA as well. This large increase in output cur- 
rent for high speed CMOS over CD4000B also has the add- 
ed advantage of reducing signal line crosstalk which can be 
of greater concern in high speed systems. Figure 
8 com- 


pares HC, LS, and ALS specified output currents. 
Since TIL logic families do have significant input currents 
they have a limited fanout capability. Table IV illustrates 
the limitations of these families, based on their input and 


output 
currents. 
High speed 
CMOS 
is also 
included. 


MM54HC/MM74HC has the same CMOS-to-CMOS fanout 
characteristics as CD4000B, virtually infinite. 


TABLE IV. FANOUT OF HC-CMOS, LS-TTL, 
ALS-TTL, S·TTL 


From, To 
74HC 
74LS 
74ALS 
74S 


74HC 
4000 
10 
20 
2 
74LS 
· 
20 
40 
4 
74ALS 
• 
20 
40 
4 
74S 
· 
50 
100 
10 


As another indication of the similarity of HC-CMOS to LS- 
TIL, 
Figure 
9 plots typical output currents versus output 
voltage for LS and HC. The output sink current curves are 
very similar, but LS source current is somewhat different, 
due to its emitter-follower output circuitry. 


MM54HC/MM74HC bus driving circuits, namely the TRI- 
STATE buffers and latches, have half again as much output 
current drive as standard outputs. These components have 
a 6 mA output drive. The 6 mA was chosen based on a 
trade-off of die size and speed-load variations. This current 
is less than the 12 mA or more specified for LS and ALS bus 
driver circuits, because the bus fanout limitations of these 
families do not apply in CMOS systems. S-TIL bus output 
sink current is 48 mA. 
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OPERATING 
TEMPERATURE 
RANGE 
The operating temperature range and temperature effects 
on various HC-CMOSoperating parameters differ from bipo- 
lar logic. The recommended temperature range for 74lS, 
74S, and 74AlS is O·Cto 70·C, compared to -40·C to 85·C 
for the 74HC family. 54 series logic is specified from -55·C 
to 125·C for all four families. 


Temperature variation of operating parameters for the 
MM54HC/MM74HC family behaves very predictably and is 
due to the gain decreasing of MOSFET 
transistors as tem- 
perature is increased. Thus the output currents decrease 
and propagation delays increase at about 0.3% per degree 
centigrade. 
. 


Figure 
10 shows typical propagation delays for the 74XXOO 
over the -55·C to +125·C temperature range. The 'HCOO's 
speed increases almost linearly with temperature, whereas 
the lS and AlS behave differently. 


A WORD ABOUT PLUG·IN REPLACEMENT 
OF TTL 


MM54HC/MM74HC logic implements TTl equivalent func- 
tions with the same pin outs as TTl. HC is not designed to 
be directly plug-in replaceable, but, with some care, some 
TTl systems can be converted to MM54HC/MM74HC with 
little or no modification. The replaceability of HC is deter- 
mined by several factors. 
One factor is the difference in input levels. In systems where 
all TTl is not being replaced and TTl outputs feed CMOS 
inputs, the input high voltages, as specified, are not totally 
compatible. Although TTl 
outputs will typically drive HC 
inputs correctly, an external pull-up resistor should be 
added to the TTl outputs, or an MM54HCTIMM74HCT TTl 
compatible 
circuit should be used. This incompatibility 


tends to limit the designer's ability to intermingle TTl and 


HC-CMOS. Note, though, that HC outputs are completely 
compatible with the various TIl 
family's input specifica- 
tions; therefore, there is no problem when HC is driving TIl. 


Another source of possible problems can occur when the 
lS design floats device inputs. This practice is 'not recom- 
mended when using lS- TIl, 
but it is sometimes done. Usu- 
ally, TIl 
inputs "floathigh; however, CMOS inputs may float 
either high or low depending on the static charge on the 
input. It is therefore important to always tie unused CMOS 
inputs to either Vcc or ground to avoid incorrect logic func- 
tioning. 
A third factor to consider when replacing any TIl 
logic is 
AC performance. The logic functions provided by 54HCI 
74HC are equivalent to lS-TIl, 
and the propagation delay, 
set-up and hold times are similar to lS. However, there are 
some differences in the way CMOS circuits are implement- 
ed which will cause differences in speed. For the most part, 
these differences are minor, but it is important to verify that 
they do not affect the design. 


CONCLUSION 


The MM54HC/MM74HC family represents a major step for- 
ward in CMOS performance. It is a full line family capable of 
being designed into virtually any application which now uses 
lS-TIl 
with substantial improvement in power consump- 


tion. AlS and S-TIl 
primarily offer faster speeds than HC- 
CMOS, but still do not have the input and output advantages 
or the lower power consumption of CMOS. Because of its 
high input impedance and large output drive, HC logic is 
actually easier to use. This, coupled with continued expan- 
sion of the 54HCI74HC, will make it an increasingly popular 
logic family. 


20 
20 
20 
vcc - 5.0V 
vcc = 5.0V 
vcc - 5.0V 
Cl=50pF 
Cl=50 
pF 
Co.=50 
pF 


- 
15 
- 
15 
c 
15 
~ 


.....••..•...... 


t",," 
; 
; 
-~::::= 
z 
to 
""""'0; 
- 
z 
10 
~ 
10 
'"~ 
'" 
IPl~"--~ 
'" 


tPlH 
~ 
~ - 
'''''l 
i 
'" 
5 
i 
If 
5 
'" 
5 
tPHl 
if 


0 
0 
0 


60 
-20 
20 
60 
100 
140 
-60 
-20 
20 
60 
100 
140 
-60 
-20 
20 
60 
100 
140 
TEMPERATURE I'C) 
TEMPERATURE I-CI 
TEMPERATURE I·C) 


TLIF/5101-14 
Tl/F/5101-,5 


(a) 
(b) 
(e) 


National's Process 
Enhancements 
Eliminate 
the CMOS SCR Latch-Up 
Problem In 54HC/74HC 
Logic 


INTRODUCTION 
SCR latch-up is a parasitic phenomena that has existed in 
circuits fabricated using bulk silicon CMOS technologies. 
The latch-up mechanism, once triggered, turns on a parasit- 
ic SCA internal to CMOS circuits which essentially shorts 
Vcc to ground. This generally destroys the CMOS IC or at 
the very least causes the system to malfunction. In order to 
make MM54HC/MM74HC high speed CMOS logic easy to 
use and reliable it is very important to eliminate latch-up. 
This has been accomplished through several layout and 
process enhancements. It is primarily several proprietary in- 
novations in CMOS processing that eliminates the SCA. 


First, what is "SCR latch-up?" It is a phenomena common 
to most monolithic CMOS processes, which involves "turn- 
ing on" a four layer thyristor structure (P-N-P-N) that ap- 
pears from Vcc to ground. This structure is formed by the 
parasitic substrate interconnections of various circuit diffu- 
sions. It most commonly can be turned on by applying a 
voltage greater than Vcc or less than ground any input or 
output, which forward biases the input or output protection 
diodes. Figure 1schematically illustrates these diodes found 
in the MM54HC/MM74HC family. Standard CD4000 and 
MM54C/MM74C 
logic also has a very similar structure. 


These diodes can act as the gate to the parasitic SCR, and 
if enough current flows the SCR will trigger. A second meth- 
od of turning on the SCR is to apply a very large supply 
voltage across the device. This will breakdown internal di- 
odes causing enough current to flow to trigger latch up. In 
HC logic the typical Vcc breakdown voltage is above 10Vso 
this method is more uncommon. In either case, once the 
SCR is turned on a large current will flow from Vcc to 
ground, causing the CMOS circuit to malfunction and possi- 
bly damage itself. 


CMOS SCR problems can be minimized by proper system 
design techniques or added external protection circuits, but 
obviously the reduction or elimination of latch up in the IC 
itself would ease CMOS system design, increase system 
reliability and eliminate additional circuitry. For this reason it 
was important to eliminate this phenomena in National's 
high speed CMOS logic family. 
Characterization of this proprietary high speed CMOS proc- 
ess for latch up has verified the elimination of this parasitic 
mechanism. In tests conducted under worst case conditions 
(Vcc=8V 
and TA=125'C) it has been impossible to latch- 


up these devices on the inputs or on the outputs. 
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FIGURE 1. Schematic Diagram of Input and Output 
Protection Structures 
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In testing for latch up, caution must be exercised when try- 
ing to force large currents into an IC. As with any integrated 
circuit there are maximum limitations to the current handling 
capabilities of the internal metalization, and diodes, and 
thus they can be damaged by excessive currents. This is 
discussed later in the test section. 


To enable the user to understand what latch up is and how it 
has been eliminated, it is useful to review the operating of a 
simple discrete SCR, and then apply this to the CMOS SCA. 
Since most latch up problems historically have been caused 
by extraneous noise and system transients, the AC charac- 
teristics of CMOS latch are presented. Also various meth- 
ods of external and internal protection against latch up is 
discussed as well as example test methods for determining 
the latch up susceptibility of CMOS IC's. 


SIMPLE DISCRETE SCR OPERATION 
To understand the behavior of the SCA structure parasitic 
to CMOS IC's, it is first useful to review the basic static 
operation of the discrete SCR, and then apply it to the 
CMOS SCR. There are two basic trigger methods for this 
SCA. One is turning on the SCR by forcing current into its 
gate, and the second is by placing a large voltage across its 
anode and cathode. Figure 
2 shows the basic four layer 


structure biased into its forward blocking state. The SCA 
action can be more easily understood if this device is mod- 
eled as a cross coupled PNP and NPN transistor as shown 
in Figure 
3. 


In the case of latch up caused by forward biasing a diode, if 
current is injected into the base of 02, this transistor turns 
on, and a collector current beta times its base current flows 
into the base of 01. 01 in turn amplifies this current by beta 
and feeds it back into the base of 02, where the current is 
again amplified. If the product of the two transistors' Beta 
becomes greater than one, B(NPN)xB(PNP»1, this current 
multiplication continues until the transistors saturate, and 
the SCR is triggered. Once the regenerative action occurs a 
large anode current flows, and the SCR will remain on even 
after the gate current is removed, if enough anode current 
flows to sustain latch up. However, if the transistor current 
gains are small no self sustaining positive feedback will oc- 
cur, and when the base current is removed the collector 
Current will stop. In a similar manner the SCR can be trig- 
gered by drawihg current by forward biasing the base of 01. 


GATE 1 (G1) 


GATE 2 (02) 


TL/F/5346-2 


FIGURE 2. Simplified SCR Structure 


product of the PNP and NPN be greater than one in order 
for the SCR to trigger applies here as well. This leakage cur- 
rent trigger is characteristic of Schottkey diode operation. 


THE CMOS SCR: STATIC 
DC OPERATION 


For discussion purposes CMOS SCR latch up characteris- 
tics can be divided into two areas. One is the basic opera- 
tion of the SCR when static DC voltages are applied, and 
the second is the behavior when transients or pulses are 
applied. 


First looking at the device statically, the parasitic SCR in 
CMOS integrated circuits is much more complex and its trig- 
gering is somewhat different than the simple SCR already 
discussed. However, the regenerative feedback effect is ba- 
sically the same. Figure 4a shows a simplified P- 
well 
CMOS structure illustrating only the diffusions and the re- 
sultant parasitic transistors. The NPN transistor is a vertical 
device whose emitter is formed by n+ diffusions. The P- 
well forms the base and the N- substrate forms the collec- 
tor of the NPN. The PNP transistor is a lateral device. Its 
emitter is formed by p+ diffusions, its base is the N- 
sub- 
strate, and its collector is the P- well. 


Figure 4b illustrates a cross section of a simplified N- well 
process and its corresponding parasitic bipolar transistors. 
In this process the NPN is a lateral device and the PNP is 
vertical. Essentially the description of the P- 
well SCR is 
the same as the N- 
well version except the NPN is a low 
gain lateral device and the PNP is a high gain vertical tran- 
sistor. Thus the following discussion for the P- well also 
applies to the N- 
well with this exception. 
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FIGURE 
3. Cross-Coupled 
Transistor 
Model of SCR 


The second case, the SeR may also be triggered without 
injecting any gate current. In the forward blocking state the 
small leakage current that is present does not trigger the 
SCA, but if the voltage is increased to a point where signifi- 
cant leakage currents start conducting, these currents could 
also trigger the SCR, again forming a low impedance path 
through the device. The same requirement that the Beta 


I 


5differs from that of Figure 3 in two ways. First, the transis- 
tors of Figure 
5 have mUltiple emitters, due to the many 
diffusions on a typical die. One emitter of each transistor 
could function as the trigger input to the SCR. Secondly, R1 
and R2 have been added and are due to P- 
and N- 
sub- 
strate resistances between the base of each transistor and 
the substrate power supply contacts. 


TL/F/5346-7 
FIGURE 
5. Schematic 
of Simple SCR Model 


Like the discrete SCR there are two basic methods of turn- 
ing the CMOS SCR on. The first method is however slightly 
different. In the CMOS parasitic SCR current cannot be di- 
rectly injected into the base of one of its transistors. Instead 
either node G1 must be raised above Vcc enough to turn on 
01, or node G2 must be lowered below ground enough to 
turn on 02. If G1 is brought above Vcc, current is injected 
from the emitter of 01 and is swept to the collector of 01. 
The collector of 01 feeds the base of 02 and also R2. R2 
has the effect of stealing current from the base of 02, but as 
current flows through R2 a voltage will appear at the base of 
02. Once this voltage reaches 0.6 volts 02 will turn on and 
feed current from its collector back into R1 and into 01. If 
0.6 volts is generated across R1, 01 then turns on even 
more. 


Again, if the two transistors have enough gain and enough 
anode current flows to sustain the SCR, it will turn on, and 
remain on even after G1 is returned to Vcc. The actual re- 
quirements for latch up are altered by 1hetwo resistors, R1 
and R2. Since the resistors shunt some current away from 
the base of both transistors, the resistors essentially reduce 
the effective gains of the transistors. Thus the transistors 
must actually have much higher gains in order to achieve an 
overall SCR loop gain greater than one, and hence enable 
the SCR to trigger. The actual equations to show quantita- 
tively how the resistors effect the SCR's behavior could be 
derived, but it is sufficient to notice that as R1 and R2 be- 
come smaller the SCR becomes harder to turn on. IC de· 
signers utilize this to reduce latch up. 
The second method of turning on the SCR mentioned earli· 
er also applies here. If the supply voltage is raised to a large 
value, and internal substrate diodes start breaking down ex- 
cessive leakage currents will flow possibly triggering the 
SCR. The resistors also affect this trigger method as well, 
since they steal some of the leakage currents from 01 and 
02, and hence it takes more current to trigger the SCR. In 
high speed CMOS the proce~s enhancements reduce the 
transistor betas and hence eliminate latch up by this mecha- 
nism as well. 


While useful, the SCR model of Figures 
4 and 5 is very 
simplified, since in actuality the CMOS SCR is a structure 


to remember that any transistor or diode diffusion can para- 
sitically form part of the SCA. In the figure t~ansistor01 and 
02 are single emitter transistors formed by the input protec- 
tion diodes. Internal P and N channel transistors have no 
external connection and are represented by 03 and 04. 05 
and 06 represent output transistor diffusions, and the sec- 
ond emitter corresponds to the output. All of these transis- 
tors are connected together by the N- 
substrate and P- 


well resistances, which are illustrated by the resistor mesh. 


If any of the emitters associated with the trigger inputs G1- 
G4 become forward biased the SCR may be triggered. Also 
due to the intertwined nature of this structure, part of the 
SCR may be initially latched up. In this case only a limited 
amount of current may flow, but this limited latch up may 
spread and cause other parts to be triggered until eventually 
the whole chip is involved. 
In general the trigger to the SCR has been conceptualized 
as a current, since ideally the CMOS input looks into the 
base of the SCR transistors. However this may not be quite 
true. There may be some resistance in series with each 
base, due to substrate or input protection resistances. In 
newer silicon gate CMOS processes, MM54HC/MM74HC 
for example, a poly-silicon resistor is used for electrostatic 
protection, and this enables larger voltages to be applied to 
the circuit pins without causing latchup. This is because the 
poly resistor actually forms a current limit resistor in series 
with the diodes. In most applications the designer is more 
concerned with accidental application of a large voltage, 
and the use of the poly resistor internally enables good volt- 
age resistance to latch up. CMOS outputs are directly con- 
nected to parasitic output diodes since no poly resistor can 
be placed on an output without degrading output current 
drive. Thus the output latch up mechanism is usually 
thought of as a current. 


Temperature variations will affect the amount of current re- 
quired to trigger the SCR. This is readily understandable 
since temperature effects the bipolar transistor's gain and 
tile resistance of the base-emitter resistors. Generally, as 
the temperature is increased less current is needed to 
cause latch-up. This is because as temperature increases 
the bipolar transistor's base-emitter voltage decreases ard 
the base-emitter resistor value increases. Figure 7 plots trig- 
ger current versus temperature for a sensitive CMOS input. 
This data was taken on a CMOS device without any layout 
or process enhancements to eliminate latch up. Increasing 
temperature from room to 125°Cwill reduce the trigger cur- 
rent by about a factor of three. Once the circuit is latched 
up, heating of the device die caused by SCR currents will 
actually increase the susceptibility to repeated latch up. 
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FIGURE 7. Temperature versus SCR Trigger Current for 
Special CMOS Test Structure 


OTHER LATCH UP TRIGGER METHODS 
There are some other methods of latching up CMOS cir- 
cuits, they are not as circuit design related and shall only be 
briefly mentioned. The first is latch up due to radiation bom- 
bardment. In hostile environments energetic atomic parti- 
cals can bombard a CMOS die freeing carriers in the sub- 
strate. These carriers then can cause the SCR to trigger. 
This can be of concern in high radiation environments which 
call for some sort of radiation hardened CMOS logic. 
Another latch up mechanism is the application of a fast rise 
or fall spike to the supply inputs of a CMOS device. Even if 
insufficient current is injected into the circuit the fast voltage 
change could trigger latch up. This occurs because the volt- 
age change across the part changes the junction depletion 
capacitances, and this change in capacitance theoretically 
could cause a current that would trigger the SCR latch. In 
actual practice this is very difficult to do because the re- 
sponse time of the SCR (discussed shortly) is very poor. 
This is hardly a problem since power supplies must be ade- 
quately decoupled anyway. 


A third latch up cause which is completely internal to the IC 
itself and is out of the control of the system designer is 
internally triggered latch up. Any internal switching node 
connects to a diode diffusion, and as these diffusions switch 
the junction depletion capacitance associated with these 
nodes changes causing a current to be generated. This cur- 
rent could trigger the SCR. The poor frequency response of 
the SCR tends to make this difficult, but as chip geometries 
are shrunk packing densities will increase and the gain of 
the lateral PNP transistor increase. This may increase the 
latch up susceptibility. It is up to the IC designer to ensure 


that this doesn't happen, and care in the layout and circuit 
design of 54HC174HC logic has ensured that this will be 
avoided. 


THE CMOS SCR: TRANSIENT BEHAVIOR 


With the introduction of fast CMOS logic the transient na- 
ture of the CMOS SCA phenomena becomes more impor- 
tant because signal line ringing and power supply transients 
are more prevalent in these systems. Older metal gate 
CMOS (CD4000 & 74HC) circuits have slow rise and fall 
times which do not cause a large amount of line ringing. 
Power supply spiking is also somewhat less, again due to 
slow switching times associated with these circuits. 


The previous discussion assumed that the trigger to the 
CMOS SCA was essentially static and was a fixed current. 
Under these conditions a certain value current will cause 
the SCA to trigger, but if the trigger is a short pulse the peak 
value of the pulse current that will trigger the SCA can be 
mtlch larger than the static DC trigger current. This is due to 
the poor frequency characteristics of the SCA. 
For short noise pulses. <1 ,...S, the peak current required to 
latch up a device is dependent on the duty cycle of the 
pulses. At these speeds it is the average current that caus- 
es latch-up. For example, if a 1 MHz 50% duty cycle over 
voltage pulse train is applied to a device that latched with 
20 mA DC current, then typically the peak current required 
will be about 40 mA. For a 25% duty cycle the peak current 
would be 80 mA. An example of this is shown in Figure 
8 
which plots latch up current against over-voltage pulse 
width at 1 MHz. 
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FIGURE 8. Trigger Current of SCR of Input Overvoltage 
Pulses at High Repetition Rate on Special Test Unit 


If the pulse widths become long, many microseconds, the 
latch up current will approach the DC value even for low 
duty cycles. This is shown in Figure 9 which plots peak trig- 
ger current vs pulse width for the same test device used in 
Figure 8. The repetition rate in this case is a slow 2.5 kHz 
(period= 400 ,...s).These long pulse widths approach the 
trigger time of the SCA, and thus pulses lasting several mi- 
croseconds are long enough to appear as DC voltages to 
the SCA. This indirectly indicates the trigger speed of the 
SCR to be on the order of ten to fifteen microseconds. This 
is however dependent on the way the IC was designed and 
the processing used. 
In normal high speed systems noise spikes will typically be 
only a few nanoseconds in duration, and the average duty 
cycle will be small. So even a device that is not designed to 
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FIGURE 9. Trigger Current of Pulse on Special Test Unit 
SCR .for Single Transient Overvoltage 


be latch up resistant, will probably not latch up even with 
significant line ringing on its inputs or outputs (Then again 
... 
) However, in some systems where inductive or other 
loads are used transients of several microseconds can be 
easily generated. For example, some possible applications 
are automotive and relay drivers. In other CMOS logic fami- 
lies spikes of this nature are much more likely to cause the 
SCR to trigger, but here again MMS4HC/MM74HC high 
speed CMOS is immune. 


PREVENTING SCR LATCH UP: 
USER SYSTEM DESIGN SOLUTIONS 
SCR latch-up can be prevented either on the system level 
or on the IC level. Since National's MMS4HC/MM74HC se- 
ries will not latch up, this eliminates the need for the system 
designer to worry about preventing latch up at the system 
level. This not only eases the design. but negates the need 
to add external diodes and resistors to protect the CMOS 
circuit, and hence additional cost. (Note however that even 
though the devices don't latch up, diode currents should be 
limited to their Absolute Maximum Ratings listed in the Data 
Sheets). 
If one is using a CMOS device that may latch up, older 
CD4000 CMOS or another vendors HC for example, and its 


input or output voltages may forward bias the input or output 
diodes then some external circuitry may need to be added 
to eliminate possible SCR triggering. As with the previous 
discussions of latch-up preventing SCR latch-up falls into 
two categories: the static case, and the transient condition. 
Each is related but has some unique solutions. 
In the static condition to ensure SCR latch up does not oc- 
cur, the simplest solution is to design CMOS systems so 
that their input/output diodes don't become forward biased. 
To ease this requirement some special circuits that have 
some of their input protection diodes removed are provided, 
ana this enables input voltages to exceed the supply range. 
These devices are MMS4HC4049/S0, CD4049/S0. and 
MMS4C901/2/3/4. 
If standard logic is used and input voltages will exceed the 
supply range, an external network should be added that pro- 
tects the device by either clamping the input voltage or by 
limiting the currents which flow through the internal diodes. 
Figure 
10 illustrates various input and output diode clamping 
circuits that shunt the diode currents when excessive input 
voltages are applied. Usually either an additional input or 
output diode is required, rarely both, and if the voltages only 
exceed one supply then only one diode is necessary. If an 
external silicon diode is used the current shunt is only par- 
tially effective since this diode is in parallel with the internal 
silicon protection diode, and both diodes clamp to about 


O.7V. 
A second method, limiting input current, is very effective in 
preventing latch-up, and several designs are shown in 
Figure 11.The simplest approach is a series input resistor. It 
is recommended that this resistor should be as large as 
possible without causing excessive speed degradation yet 
ensure the input current is limited to a safe value. If speed is 
critical, it is better to use a combination diode-resistor net- 
work as shown in Figures 
11b and 11c. These input networks 
effectively limit input currents while using lower input resis- 
tors. The series resistor may not be an ideal solution for 
protecting outputs because it will reduce the effective drive 
of the output. In most cases this is only a problem when the 
output must drive a lot of current or must switch large ca- 
pacitances quickly. 
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FIGURE 10. External Input and Output Protection Diodes Circuits for Eliminating SCR Latch-up 
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FIGURE 11. Input Resistor and Resistor-Diode 
Protection Circuits for Eliminating Latch-up 


A third approach is instead of placing resistors in series with 
the inputs to place them in series with the power supply 
lines as shown in Figure 12.The resistors must be bypassed 
by capacitors so that momentary switching currents don't 
produce large voltage transients across R1 and R2. These 
resistors can limit input currents but primarily they should be 
chosen to ensure that the supply current that can flow is 
less than the holding current of the SCR. Thus even though 
the input current can cause latch up it cannot be sustained 
and the IC will not be damaged. 


TL/F/5346-14 
FIGURE 12. Supply Resistor-Capacitor 
Circuits for 
Eliminating Latch-up. 


This last solution has the advantage of fewer added compo- 
nents, but also has some disadvantages. This method may 
not prevent latch up unless the resistors are fairly large, but 
this will greatly degrade the output current drive and switch- 
ing characteristics of the device. Secondly, this circuit pro- 
tects the IC from damage but if diodes currents are applied 
causing large supply currents, the circuits will logically mal- 
function where as with other schemes logic malfunction can 
be prevented as well. 


PREVENTING LATCH UP: IC DESIGN SOLUTIONS 
The previous latch up solutions involve adding extra compo- 
nents and hence extra cost and board space. One can 
imagine that in a microprocessor bus system if for some 
reason the designer had to protect each output of several 
CMOS devices that are driving a 16-bit address bus that up 
to 32 diodes and possibly 16 resistors may need to be add- 
ed. Thus for the system designer the preferable solution is 
to use logic that won't latch up. 


Most methods previously employed to eliminate latch up are 
either not effective, increase the die size significantly, and/ 
or degrade MOS transistor performance. The process en- 
hancements employed on 54HC/74HC 
logic circumvent 
these problems. Primarily it is effective without degrading 
MOS performance. 
When designing CMOS integrated circuits, there are many 
ways that the SCR action of these circuits can be reduced. 
One of the several methods of eliminating the SCR is to 
reduce the effective gain of at least one of the transistors, 
thus eliminating the regenerative feedback. This can be ac- 
complished either by modifying the process and/or by in- 
serting other parasitic structures to shunt the transistor ac- 
tion. Also the substrate resistances modeled as R1 and R2 
in Figures 
4 and 5 can be reduced. As these resistances 
approach zero more and more current is required to develop 
enough voltage across them to turn on the transistors. 


As mentioned, the current gains of the NPN and PNP para- 
sitic transistors directly affect the current required to trigger 
the latch. Thus some layout and process enhancements 
can be implemented to reduce the NPN and PNP Betas. In 
a P-well process the gain of the vertical NPN is determined 
by the specific CMOS process, and is dependent on junc- 
tion depths and doping concentrations. These parameters 
also control the perform.ance of the N-MOS transistors as 
well and so process modification must be done without de- 
grading CMOS performance. To reduce the gain of the verti- 
cal PNP the doping levels of the P-well can be increased. 
This will decrease minority carrier lifetimes. It will also re- 
duce the subtrate resistance lowering the NPN base-emitter 
resistance. However this will increase parasitic juntion ca- 
pacitances, and may affect NMOS threshold voltages and 
carrier mobility. The depth of the well may be increased as 
well. This will reduce layout density due to increased lateral 
diffusion, and increase processing time as it will take longer 
to drive the well deeper into the substrate. 
The lateral PNP's gain is determined by the spacing of input 
and' output diode diffusions to active circuitry and minority 
carrier life times in the N-substrate. The carrier life times 
are a function of process doping levels as well, and care 
must be exercised to ensure no MOS transistor perform- 
ance degradation. Again the doping levels of the substrate 
can be increased, but this will increase parasitic junction 
capacitances, and may alter the PMOS threshold character- 
istics. The spacing between input! output diodes and other 
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TL/F/5346-16 
FIGURE 13. Simplified CMOS Cross Section Showing Added Latch-up Reduction Structures 


diffusions can be increased. This will increase the PNP's 
base width, lowering its beta. This may be done only a limit- 
ed amount without significantly impacting die size and C09t. 
Another method for enhancing the latch-up immunity of 
MM54HC/MM74HC is to short out the SCR by creating ad- 
ditional parasitic transistors and reducing the effective sub- 
strate resistances. These techniques employ the use of 
ringing structures (ter~ed guard rings) to surround inputs 
and outputs with diffusions that are shorted to VCC or 
ground. These diffusions act to lower the substrate resist- 
ances, making it harder to turn on the bipolar transistors. 
They also act "dummy" collectors that shunt transistor ac- 
tion by collecting charges directly to either Vcc or ground, 
rather than through active circuitry. Figure 13shows a cross 
section of how this might look and Figure 
14 schematically 
illustrates how these techniques ideally modify the SCR 
structure. 
Ideally, in Figure 
14 if the inputs are forward biased any 
transistor action is immediately shunted to VCC or ground 
through the "dummy" collectors. Any current not collected 
will flow through the resistors, which are now much lower in 
value and will not allow the opposite transistor to turn on. 


TLiF/5346-15 
FIGURE 14. Schematic Representation 
of SCR with 
Improvements 
to Reduce Turn On. 


Unfortunately in order to reduce latch up these techniques 
add quite significantly to the die size, and still may not be 
completely effective. 


The ineffectiveness of the ringing structures at completely 
eliminating latch up is for one because the collectors are 
only surface devices and carriers can be injected very deep 
into the N- 
substrate. Thus they can very easily go under 
the fairly small "dummy" collectors and be collected by the 
relatively large active P- well. A possible solution might be 
to make the collector diffusions much deeper. This suffers 
from the same drawbacks as making the well deeper, as 
well as requiring additional mask steps increasing process 
complexity. Secondly, the base emitter resistances can be 
reduced only so much, but again only the surface resistanc- 
es are reduced. Some transistor action can occur under the 
P- 
well and deep in the N- 
bulk where these surface 
shorts are only partially effective. 
The above discussion described modifications to a P- well 
process. For an N- 
well process the descriptions are the 
same except that instead of a P- 
well an N- 
well is used 
resulting in a vertical PNP instead of an NPN and a lateral 
NPN instead of a PNP. 


These methods are employed in 54HC174HC CMOS logic, 
but in addition processing enhancements were made that 
effectively eliminate the PNP transistor. The primary en- 
hancement is a modification to the doping profile of the N- 
substrate (P- 
well process). This lowers the conductivity of 
the substrate material while maintaining a lightly dope sur- 
face 
concentration. 
This 
allows 
optimum 
performance 
NMOS and PMOS transistors while dramatically reducing 
the gain of the PNP and its base-emitter resistance. The 
gain of the PNP is reduced because the minority carrier life- 
times are reduced. This modification also increases the ef- 
fectiveness of the "dummy" collectors by maintaining carri- 
ers closer to the surface. This then eliminates the SCR latch 
up mechanism. 


5.0 TESTING SCR LATCH UP 
There are several methods and test circuits that can be 
employed to test for latch up. The one primarily used to 
characterize the 54HC174HC logic family is shown in Figure 
15. This circuit utilizes several supplies and various meters 
to either force current into the Vcc diodes or force current 
out of the ground diodes. By controlling the input supply a 
current is forced into or out of an input or output of the test 
device. As the input supply voltage is increased the current 
into the diode increases. Internal transistor action may 
cause some supply current to flow, but this should not be 
considered latch up. When latch up occurs the power sup- 
ply current will jump, and if the input supply is reduced to 
zero the power supply current should remain. The input trig- 
ger current is the input current seen just prior to the supply 
current jumping. Testing latch-up is a destructive test, but in 
order to test 54HC/74HC devices without causing immedi- 
ate damage, test limits for the amount of input or output 
currents and supply voltages should be observed. Even 
though immediate damage is avoided, SCR latch-up test is 
a destructive test and the IC performance may be degraded 
when testing to these limits. Therefore parts tested to these 
limits should not be used for design or production purposes. 
In the case of National's high speed CMOS logic the defini- 
tion of "latCh-up proof" requires the following test limits 
when using the standard DC power supply test as is shown 
in Figure 
15. 
1. Inputs: When testing latch-up On CMOS inputs the cur- 
rent into these inputs should be limited to less than 
70 mA. Application of currents greater than this may 
damage the input protection poly resistor or input metali- 
zation, and prevent further testing of the IC. 


2. Outputs: When testing outputs there is a limit to the met- 
alization's current capacity. Output test currents should 
be limited to 200 mA. This limitation is due again to met- 
alization short term current capabilities, similar to inputs. 
Application of currents greater than this may blowout the 
output. 


3. Supply: The power supply voltage is recommended to be 
7.0V which is at the absolute maximum limit specified in 
54HC174HC and is the worst case voltage for testing 
latch-up. If a device latches up it will short out the power 
supply and self destruct. (Another Vendors HC may 
latch-up for example.) It is recommended that to prevent 
immediate destruction of other vendors parts that the 
power supply be current limited to less than 300 mA. 


It should be remembered that testing SCR latch up is essen- 
tially a destructive test even though precautions are taken 


to limit the currents. In almost all instances at high tempera- 
ture, if it is going to occur, latch-up will occur at current 
values between 0-50 mA. 


There are a few special considerations when trying to mea- 
sure worst case latch up current. Measuring input latch up 
current is straight forward, just force the inputs above or 
below the power supply, but to measure an output it must 
first be set to a high level when forcing it above Vcc, or to a 
low level when forcing it below ground. When measuring Tri- 
State outputs, the outputs should be disabled, and when 
measuring analog switches they should be either left open 
or turned off. 


To measure the transient behavior of the test device or to 
reduce IC heating effects a pulse generator can be used in 
place of the input supply and an oscilloscope with a current 
probe should then replace the current meter. Care should 
be exercised to avoid ground loops in the test hardware as 
this may short out the supplies. 


Although there are several methods of testing latch up, this 
method is very simple and easy to understand. It also yields 
conservative data since manually controlling the supplies is 
a slow process which causes localized heating on the chip 
prior to latch up, and lowers the latch up current. 


6.0 CONCLUSION 
SCR latch-up in CMOS circuits is a phenomena which when • 
understood can be effectively controlled both from the inte- 
grated circuit and 
system 
level. 
National's 
proprietary 
CMOS process and layout considerations have eliminated 
CMOS latch up in the MM54HC/MM74HC family. This will 
increase the ease of use and design of this family by negat- 
ing the need for extra SCR protection circuitry as well as 
very favorable impact system integrity and reliability. 


VCC DIDDE TEST CIRCUIT 


AMMETER 


GRDUND DIODE TEST CIRCUIT 


AMMETER 


TA = 12SoC 


FIGURE 1S. Bench Test Setup for Measuring 
Latch-up 


HCMOS Crystal Oscillators 


With the advent 
of high speed HCMOS 
circuits, 
it is possible 
to build 
systems 
with 
clock 
rates 
of greater 
than 
30 MHz. 
The familiar 
gate oscillator 
circuits 
used at low frequencies 
work 
well 
at higher 
frequencies 
and 
either 
L -C 
or crystal 
resonators 
maybe 
used depending 
on the stability 
required. 
Above 
20 MHz, 
it becomes 
expensive 
to fabricate 
funda- 
mental 
mode 
crystals, 
so overtone 
modes 
are used. 
.r-r 
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Basic 
Oscillator 
Theory 


The equivalent 
circuit 
of a quartz 
crystal, 
and its reactance 
characteristics 
with frequency 
are shown 
in Figure 
1. FA is 
called 
the resonant 
frequency 
and is where 
L, and C, are in 
series 
resonance 
and the crystal 
looks 
like a small resistor 
R1. The frequency 
FA is the antiresonant 
frequency 
and is 
the point where 
L,-C, 
look inductive 
and resonate 
with Co 
to form 
the parallel 
resonant 
frequency 
FA, FA and FA are 
usually 
less than 
0.1 % apart. 
In specifying 
crystals, 
the fre- 
quency 
FA is the 
oscillation 
frequency 
to the 
crystal 
in a 
series mode circuit, 
and FA is the parallel 
resonant 
frequen- 
cy. In a parallel 
mode 
circuit, 
the oscillation 
frequency 
will 
be slightly 
below 
FA where 
the inductive 
component 
of the 
L, -C, 
arm resonates 
with Co and the external 
circuit 
ca- 
pacitance. 
The 
exact 
frequency 
is often 
corrected 
by the 
crystal 
manufacture 
to a specified 
load capacitance, 
usually 
20 or 32 picofarads. 
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The Pierce oscillator 
is one of the more popular 
circuits, 
and 
is the foundation 
for almost 
all single gate oscillators 
in use 
today. 
In this circuit, Figure 2, the signal from the input to the 
output 
of the 
amplifier 
is phase 
shifted 
180 degrees. 
The 
crystal 
appears 
as a large 
inductor 
since 
it is operating 
in 
the parallel 
mode. and in conjunction 
with CA and Cs, forms 
a pi network 
that 
provides 
an additional 
180 degrees 
of 
phase 
shift 
from 
output 
to the 
input. 
CA in series 
with 
Cs 


CRYSTAL 


EQUIVALENT 
r--L;- - R,- - -c,- 1 


I 
I 
I 
L 
J 


plus any additional 
stray capacitance 
form 
the load capaci- 
tance for the crystal. 
In this circuit, 
CA is usually 
made about 
the same value as Cs. and the total value of both capacitors 
in series is the load capacitance 
of the crystal 
which 
is gen- 
erally chosen 
to be 32 pF, making the value of each capaci- 


tor 64 pF. The approximation 
equations 
of the load imped- 
ance, 
Z" 
presented 
to the output 
of the crystal 
oscillator's 
amplifier 
by the crystal 
network 
is: 


Xc2 
ZL=- 
RL 


Where 
Xc= 
-j/wCB 
and RL is the series 
resistance 
of the 
crystal 
as shown 
in Table 
I. Also 
w=277"f 
where 
f is the 
frequency 
of oscillation. 


The ratio of the crystal 
network's 
input voltage 
to it's output 
voltage 
is given 
by: 


~ 
= 
WCB = CB 
eS 
WCA 
CA 


CA and 
Cs 
are chosen 
such 
that 
their 
series 
combintion 
capacitance 
equals 
the 
load 
capacitance 
specified 
by the 
manufacturer, 
ie 20 pF or 32 pF as mentioned. 
In order 
to 
oscillate 
the phase shift at the desired 
frequency 
around 
the 
oscillator 
loop 
must 
be 360' 
and the gain of the oscillator 
loop must be greater 
or equal to one, or: 


(AA)(AF)~1 


Where 
AA is amplifier 
gain and AF is crystal 
network 
voltage 
gain of the crystal 
77" network: 
eA/eS' 
Thus 
not only should 
the series combination 
of CB and CA be chosen. 
The ratio of 
the two can be set to adjust 
the loop gain of the oscillator. 


For 
example 
if 
a 
2 
MHz 
oscillator 
is 
required. 
Then 
RL = 100n 
(Table 
I). If eA/eS = 1 and the crystal 
requires 
a 
32 pF load so CB = 64 pF and then CA becomes 
64 pF also. 


The load presented 
by the crystal 
network 
is ZL = 
('/277" 
(2 
MHz) (64 pF)2)/100=16 
kn 


The CMOS Gate Oscillator 
A CMOS gate sufficiently approaches the ideal amplifier 
shown above that it can be used in almost the same circuit. 
A review of manufacturers data sheets will reveal there are 
two types of inverting CMOS gates: 
a) Unbuffered: gates composed of a single inverting stage. 
Voltage gain in the hundreds. 
b) Buffered: gates composed of three inverting stages in 
series. Voltage gains are greater than ten thousand. 
CMOS gates must be designed to drive relatively large 
loads and must supply a fairly large amount of current. In a 
single gate structure that is biased in its linear region so 
both devices are on, supply current will be high. Buffered 
gates are designed with the first and second gates to be 
much smaller than the output gate and will dissipate little 
power. Since the gain is so high, even a small signal will 
drive the output high or low and little power is dissipated. In 
this manner, unbuffered gates will dissipate more power 
than buffered gates. 
Both buffered and unbuffered gates maybe used as crystal 
oscillators, with only slight design changes in the circuits. 
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FIGURE 
3. Typical 
Gate Oscillator 


In this circuit, RF serves to bias the gate in its linear region, 
insuring oscillation, while R2 provides an impedance to add 
some additional phase shift in conjunction with Ce. It also 
serves to prevent spurious high frequency oscillations and 
isolates the output of the gate from the crystal network so a 
clean square wave can be obtained from the output of the 
gate. Its value is chosen to be roughly equal to the capaci- 
tive reactance of Ce at the frequency of oscillation, or the 
value of load impedance ZL calculated above. In this case, 
there will be a two to one loss in voltage from the output of 
the gate to the input of the crystal network due to the volt· 
age divider effect of R2 and ZL. If CA and Ce are chosen 
equal, the voltage at the input to the gate will be the same 
as that at the input to the crystal network or one half of the 
voltage at the output of the gate. In this case, the gate must 
have a voltage gain of 2 or greater to oscillate. Except at 
very high frequencies, all CMOS gates have voltage gains 
well in excess of 10 and satisfactory operation should result. 
Theory and experiment show that unbuffered gates are 
more stable as oscillators by as much as 5 to 1. However, 
unbuffered gates draw more operating power if used in ttie 
same circuit as a buffered gate. Power consumption can be 
minimized by increasing feedback which forces the gate to 
operate for less time in it's linear region. 


When designing with buffered gates, the value of R2 or Ce 
may be increased by a factor of 10 or more. This will in· 
crease the voltage loss around the feedback loop which is 
desirable since the gain of the gate is considerably higher 
than that of an unbuffered gate. 
CA and Ce form the load capacitance for the crystal. Many 
crystals are cut for either 20 to 32 picofarad load capaci. 
tance. This is the capacitance that will cause the crystal to 
oscillate at its nominal frequency. Varying this capacitance 
will vary the frequency of oscillation. Generally designers 
work with crystal manufacturers to select the best value of 
load capacitance for their application, unless an off the shelf 
crystal is selected. 


High Frequency 
Effects 


The phase shift thru the gate may be estimated by consider· 
ing it's delay time: 


Phase Shift = Frequency X Time delay X 360· 
The "typical gate oscillator" works well at lower frequencies 
where phase shift thru the gate is not excessive. However, 
above 4 MHz, where 10 nsec of time delay represents 14.4· 
of excess phase shift, R2 should be changed to a small 
capacitor to avoid the additional phase shift of R2. The val· 
ue of this capacitor is approximately 1/wC 
where w=21Tf, 
but not less than about 20 pF. 
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FIGURE 
4. Gate Oscillator 
for Higher 
Frequencies 


Improving 
Oscllator 
Stability 


The CMOS gate makes a mediocre oscillator when com· 
pared to a transistor or FET: It draws more power and is 
generally less stable. However, ex1ragates are often avail- 
able and are often pressed into service as oscillators. If 
improved stability is required, especially from buffered gate 
oscillators, an approach shown in Figure 5 can be used. 
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FIGURE 
5. Gate oscillator 
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In this circuit, CA and Cs are made large to swamp out the 
effects of temperature and supply voltage change on the 
gate input and output impedances. A small capacitor in se- 
ries with the crystal acts as the crystal load and further iso- 
lates the crystal from the rest of the circuit. 


Overtone 
Crystal 
Oscillators 


At frequencies above 20 MHz, it becomes increasingly diffi- 
cult to cut or work with crystal blanks and so generally a 
crystal is used in it's overtone mode. Also, fundamental 
mode crystals above this frequency have less stability and 
greater aging rates. All crystals will exhibit the same reac- 
tance vs. frequency characteristics at odd overtone fre- 
quencies that they do at the fundamental frequency. How- 
ever, the overtone resonances are not exact multiples of 
the fundamental, so an overtone crystal must be specified 
as such. 
In the design of an overtone crystal oscillator, it is very im- 
portant to suppress the fundamental mode. or the circuit will 
try to oscillate there, or worse, at both the fundamental and 
the overtone with little predictability as to which. Basically, 
this requires that the crystal feedback network have more 
gain at the overtone frequency than the fundamental. This is 
usually done with a frequency selective network ,such as a 
tuned circuit. 


The circuit in Figure 6 operates in the parallel mode just as 
the Pierce oscillator above. The resonant circuit LA-CS 
is 
an effective short at the fundamental frequency, and is 
tuned somewhat below the deferred crystal overtone fre- 
quency. Also. CL is chosen to suppress operation in the 
fundamental mode. 
The coil LA may be tuned to produce maximum output and 
will affect the oscillation frequency slightly. The crystal 
should be specified so that proper frequency is obtained at 
maximum output level from the gate. 


Some Practical 
Design Tips 


In the above circuits, some generalizations can be made 
regarding the selection of compone~t values. 


f.=31 MHz 


RF=10 
MQ 


T C.=20 pF 


RF: Sets the bias point, should be as large as practical. 


R1: Isolates the crystal network from the gate output and 
provides excess phaseshift decreasing the probability of 
spurious oscillation at high frequencies. Value should be ap- 
proximately equal to input impedance of the crystal network' 
or reactance of Cs at the oscillator frequency. Increasing 
value will decrease the amount of feedback and improve 
stability. 
Cs: Part of load for crystal network. Often chosen to be 
twice the value of the crystal load capacitance. Increasing 
value will increase feedback. 


CA: Part of crystal load network. Often chosen to be twice 
the value of the crystal load capacitance. Increasing value 
will increase feedback. 


CL: Used in place of R1 in high frequency applications. 
Reactance should be approximately equal to crystal net- 
work input impedance. 
Oscillator design is an imperfect art at best. Combinations 
of theoretical and experimental design techniques should 
be used. 
A. Do not design for an excessive amount of gain around 


the feedback loop. Excessive gain will lead to instability 
and may result in the oscillator not being crystal con- 
trolled. 


B. Be sure to worst case the design. A resistor may be add- 


ed in series with the crystal to simulate worst case crys- 
tals. The circuit should not oscillate on any frequency 
with the crystal out of the circuit. 


C. A quick check of oscillator peformance is to measure the 


frequency stability with supply voltage variations. For 
HCMOS gates, a change of supply voltage from 2.5 to 6 
volts should result in less than 10 PPM change in fre- 
quency. Circuit value changes should be evaluated for 
improvements in stability. 
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when preset 
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inputs rerum to their inactive 
(high) 


level. 


Inputs 
Outputs 


D 
G 
Q 
Q 


L 
H 
L 
H 


H 
H 
H 
L 


X 
L 
00 
00 


H ~ High Level: L - Low Level 


X ~ Do,;'t Care: 


00 - The level of a before the trensition of G 


Inputs 
Outputs 


PR 
CLR 
CLK 
J 
L 
Q 
Q 


L 
H 
X 
X 
X 
H 
L 
H 
L 
X 
X 
X 
L 
H 
L 
L 
X 
X 
X 
L' 
L' 


H 
H 
-l- 
L 
L 
ao 
ao 
H 
H 
-l- 
H 
L 
H 
L 
H 
H 
-l- 
L 
H 
L 
H 
H 
H 
-l- 
H 
H 
TOGGLE 
H 
H 
H 
X 
X 
ao 
ao 
PR2 
CLR2 


TL/F/5074-1 


116 
15 
14 
13 
12 
11 
10 
9 


A3 
&2 
A2 
Al 
&1 
AD 


- 
&3 
80 


A<& 
A=& 
A>& 
A>& 
A=& 
A<& 
IN 
IN 
IN 
OUT 
OUT 
OUT 


1 
2 
3 
4 
5 
6 
7 
1& 


A<& 
A=& 
A>&, 
,A>& 
A=& 
A<& 


CASCAD£INPUTS 
OUTPUTS 


TOP VIEW 


Comparing 
Cascading 
Outputs 
Inputs 
Inputs 


A3,B3 
A2,B2 
Al, Bl 
AO,BO 
A>B 
A<B 
A=B 
A>B 
A<B 
A=B 


A3>B3 
X 
X 
X 
X 
X 
X 
H 
L 
L 


A3<B3 
X 
X 
X 
X 
X 
X 
L 
H 
L 
A3=B3 
A2>B2 
X 
X 
X 
X 
X 
H 
L 
L 


A3 = B3 
A2<B2 
X 
X 
X 
X 
X 
L 
H 
L 


A3=B3 
A2 = B2 
A1 > Bl 
X 
X 
X 
X 
H 
L 
L 
A3=B3 
A2=B2 
A1 < B1 
X 
X 
X 
X 
L 
H 
L 
A3=B3 
A2=B2 
A1 = B1 
AO>BO 
X 
X 
X· 
H 
L 
L 
A3 = B3 
A2 = B2 
A1 = B1 
AO<BO 
X 
X 
X 
L 
H 
L 


A3=B3 
A2=B2 
A1 = B1 
AO=BO 
H 
L 
L 
H 
L 
L 
A3=B3 
A2=B2 
A1 = B1 
AO=BO 
L 
H 
L 
L 
H 
L 
A3=B3 
A2=B2 
A1 = B1 
AO=BO 
X 
X 
H 
L 
L 
H 
A3=B3 
A2=B2 
A1 = B1 
AO=BO 
H 
H 
L 
L 
L 
L 
A3=B3 
A2=B2 
A1 = B1 
AO=BO 
L 
L 
L 
H 
H 
L 


7 


Q2 
02 
GNO 


TUF/5304-1 


Inputs 
Outputs 


A 
B 
y 


L 
L 
L 
L 
H 
H 
H 
L 
H 
H 
H 
L 


Inputs 
Outputs 


ClR 
ClK 
J 
K 
Q 
Q 


L 
X 
X 
X 
L 
H 
H 
-I. 
L 
L 
ao 
00 
H 
-I. 
H 
L 
H 
L 
H 
-I. 
L 
H 
L 
H 
H 
-I. 
H 
H 
TOGGLE 
H 
H 
X 
X 
ao 
00 


J2 
K2 
CLK 2 
PR 2 
Q2 
02 


10 
g 


J 
Q 


_ 
CLR_ 
CLK 
K 
Q 
K 
0 
eLK 
CLR 


J 
Q 
PR 


2 
3 
4 
5 
II 
7 
II 


CLR 1 
J1 
K1 
CLK 1 
PR 1 
Q1 
01 
GND 


TL/F/5306-1 


3-7 


Inputs 
Outputs 


PR 
ClR 
ClK 
J 
K 
Q 
Q 


L 
H 
X 
X 
X 
H 
L 
H 
L 
X 
X 
X 
L 
H 
L 
L 
X 
X 
X 
H' 
H' 


H 
H 
t 
L 
L 
L 
H 
H 
H 
t 
H 
L 
TOGGLE 
H 
H 
t 
L 
H 
ao 
Qo 
H 
H 
t 
H 
H 
H 
L 
H 
H 
L 
X 
X 
ao 
00 


•..o 
Otl) 
u.!! 
.-.c 
aca 
01- 
..J.c 
0- 
:t:2 
.1- 
•••••"C 
:E C 
ClK 1 
K1 
J1 
PR1 
01 
01 
02 
GND 
:E ca 
TL/F/5307-1 
••••••tI) 
°e 
:t:ca 
•••• 
Il)a 
:E.! 
113 
Dual J-K Flip-Flop with Preset 
:Ee 


Inputs 
Outputs 


PR 
ClR 
ClK 
J 
l 
Q 
Q 


L 
H 
X 
X 
X 
H 
L 
H 
L 
X 
X 
X 
L 
H 
L 
L 
X 
X 
X 
L' 
L' 


H 
H 
-l- 
L 
L 
00 
00 
H 
H 
-l- 
H 
L 
H 
L 


H 
H 
-l- 
L 
H 
L 
H 


H 
H 
-l- 
H 
H 
TOGGLE 


H 
H 
H 
X 
X 
00 
00 


Inputs 
Outputs 


PR 
ClK 
J 
K 
0 
Q 


L 
X 
X 
X 
H 
L 


H 
-l- 
L 
L 
QO 
Qo 


H 
-l- 
H 
L 
H 
L 


H 
-l- 
L 
H 
L 
H 


H 
-l- 
H 
H 
TOGGLE 
H 
H 
X 
X 
00 
00 


Inputs 
Outputs 


Cle.r 
A 
B 
0 
Q 


L 
X 
X 
L 
H 
X 
H 
X 
L 
H 
X 
X 
L 
L 
H 
H 
L 
t 
.n. 
L..J 


H 
J, 
H 
.n. 
L..J 
t 
L 
H 
.n. 
L..J 


H - 
High Level 


L = Low Level 
t = Transrtion from Low to High 
J, = Transition from High to Low 


.n.- 
One High Level Pulse 


L..J - 
One Low Level Pulse 


X - 
Irrelevant 


VCC 
C4 
A4 
V4 
C3 
A3 
V3 


14 
13 
12 
11 
10 
9 
8 


1 
7 


Cl 
Al 
VI 
C2 
A2 
V2 
GND 


TL/F/5308-2 


132 Quad 2-lnput NAND 
Schmitt Trigger 


A4 
V4 
83 
A3 
V3 


8 


Inputs 
Output 


A 
C 
y 


H 
L 
H 


L 
L 
L 


X 
H 
Z 


Input8 
Output 


A 
C 
Y 


H 
H 
H 


L 
H 
L 


X 
L 
Z 


Y5 
Y6 


10 
9 


4 
5 
6 
7 
8 


GL 
62 
61 
Y7 
6ND 
-- 
ENABLE 
OUTPUT 


TL/F/5310-1 


D~OUTPUTS 


Y" 
'YO 
Yl 
Y2 
Y3 
Y4 
YI 
Y6' 


111 
11 
14 
13 
12 
11 
10 
9 


- 
~ 


1 
2 
3 
4 
I 
I 
7 
II 
___ 
--C, 
an 
118 


SELEC7 
ENA~l! 


70PYIEW 


SELECT 
DATA OUTPUTS 
ENAlilE 
_ 


VCC 
02 
"2 
82 
no 
2V, 
2Y2 
2't3 


ENf.BlE 
.••, 
81 
1'(0 
1Yl 
"2 
1'(3 
GHO 
G' 
_ 


SELECT 
DATA OUTPUTS 


Input. 
Outputs 
En.bl. 
Select 
ell: 
Gl 
~2 
C 
B 
A 
YO 
Yl 
Y2 
Y3 
Y4 
Y5 
Y6 
Y7 


X 
X 
H 
X 
X 
X 
H 
H 
H 
H 
H 
H 
H 
H 
X 
l 
X 
X 
X 
X 
H 
H 
H 
H 
H 
H 
H 
H 
l 
H 
l 
l 
L 
L 
L 
H 
H 
H 
H 
H 
H 
H 
L 
H 
L 
L 
L 
H 
H 
L 
H 
H 
H 
H 
H 
H 
L 
H 
L 
L 
H 
L 
H 
H 
L 
H 
H 
H 
H 
H 
L 
H 
L 
L 
H 
H 
H 
H 
H 
L 
H 
H 
H 
H 


L 
H 
L 
H 
L 
L 
H 
H 
H 
H 
L 
H 
H 
H 
L 
H 
L 
H 
L 
H 
H 
H 
H 
H 
H 
L 
H 
H 
L 
H 
L 
H 
H 
L 
H 
H 
H 
H 
H 
H 
L 
H 
L 
H 
L 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
L 


H 
H 
L 
X 
X 
X 
Output corresponding 
to stored 
address L; all others, H 


Inputl 
Outputl 
Enable 
Select 
G1 
Q2' 
C 
B 
A 
YO 
Y1 
Y2 
Y3 
Y4 
Y5 
Y6 
Y7 


X 
H 
X 
X 
X 
H 
H 
H 
H 
H 
H 
H 
H 
L 
X 
X 
X 
X 
H 
H 
H 
H 
H 
H 
H 
H 
H 
L 
L 
L 
L 
L 
H 
H 
H 
H 
H 
H 
H 
H 
L 
L 
L 
H 
H 
L 
H 
H 
H 
H 
H 
H 
H 
L 
L 
H 
L 
H 
H 
L 
H 
H 
H 
H 
H 
H 
L 
L 
H 
H 
H 
H 
H 
L 
H 
H 
H 
H 
H 
L 
H 
L 
L 
H 
H 
H 
H 
L 
H 
H 
H 
H 
L 
H 
L 
H 
H 
H 
H 
H 
H 
L 
H 
H 
H 
L 
H 
H 
L 
H 
H 
H 
H 
H 
H 
L 
H 
H 
L 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
L 


'W=G2A+G28 


H=high 
level, L=low 
lavel, X=don't 
care 


Inputl 
Outputl 
Enable 
Select 


G 
B 
A 
YO 
Y1 
Y2 
Y3 


H 
X 
X 
H 
H 
H 
H 
L 
L 
L 
L 
H 
H 
H 
L 
L 
H 
H 
L 
H 
H 
L 
H 
L 
H 
H 
L 
H 
L 
H 
H 
H 
H 
H 
L 


Inputs 
Outputs 


1 
2 
3 
4 
5 
6 
7 
8 
9 
0 
C 
B 
A 


H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
X 
X 
X 
X 
X 
X 
X 
X 
L 
L 
H 
H 
L 
X 
X 
X 
X 
X 
X 
X 
L 
H 
L 
H 
H 
H 
X 
X 
X 
X 
X 
X 
L 
H 
H 
H 
L 
L 
L 
X 
X 
X 
X 
X 
L 
H 
H 
H 
H 
L 
L 
H 


X 
X 
X 
X 
L 
H 
H 
H 
H 
H 
L 
H 
L 


X 
X 
X 
L 
H 
H 
H 
H 
H 
H 
L 
H 
H 
X 
X 
L 
H 
H 
H 
H 
H 
H 
H 
H 
L 
L 


X 
L 
H 
H 
H 
H 
H 
H 
H 
H 
H 
L 
H 


L 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
L 


6 
8C8GND 
--------- 
INPUTS 
OUTPUTS 


Inputs 
Outputs 


0 
1 
2 
3 
4 
5 
6 
7 
ROE 
0 
1 
2 
3 
4 
5 
6 
7 
RQP 


X 
X 
X 
X 
X 
X 
X 
X 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 


H 
H 
H 
H 
H 
H 
H 
H 
L 
H 
H 
H 
H 
H 
H 
H 
H 
H 


X 
X 
X 
X 
X 
X 
X 
L 
L 
H 
H 
H 
H 
H 
H 
H 
L 
L 


X 
X 
X 
X 
X 
X 
L 
H 
L 
H 
H 
H 
H 
H 
H 
L 
H 
L 
X 
X 
X 
X 
X 
L 
H 
H 
L 
H 
H 
H 
H 
H 
L 
H 
H 
L 


X 
X 
X 
X 
L 
H 
H 
H 
L 
H 
H 
H 
H 
L 
H 
H 
H 
L 
X 
X 
X 
L 
H 
H 
H 
H 
L 
H 
H 
H 
L 
H 
H 
H 
H 
L 


X 
X 
L 
H 
H 
H 
H 
H 
L 
H 
H 
L 
H 
H 
H 
H 
H 
L 


X 
L 
H 
H 
H 
H 
H 
H 
L 
H 
L 
H 
H 
H 
H 
H 
H 
L 
L 
H 
H 
H 
H 
H 
H 
H 
L 
L 
H 
H 
H 
H 
H 
H 
H 
L 


JIIlj JIIT Iii2 iiI3 1114 lU5 IiI6 R1'f 1lUE GND 


TUFf5312-1 


Inputs 
Outputs 


Select 
Strobe 


C 
B 
A 
S 
Y 
W 


X 
X 
X 
H 
L 
H 
L 
L 
L 
L 
00 
00 
L 
L 
H 
L 
01 
01 


L 
H 
L 
L 
02 
02 
L 
H 
H 
L 
03 
03 
H 
L 
L 
L 
04 
04 


H 
L 
H 
L 
05 
05 
H 
H 
L 
L 
06 
06 
H 
H 
H 
L 
07 
07 


A 
8 
C 


10 
8 


o 
y 
W 
STAOlIE GHD 
---------.- 
DATAIN'UTS 
OUTPUTS 


H = High Level, L = Low Level, X - 
Don't Care 


DO, 01 ...07 = the level of the respective 
0 input 


co;:u 
CDcco 
0(1) 
u.!! 
.- ..a 
C)~ 
01- 
..J,c 
0- 
:I: 2 
-.:rl- 
•••••"C 
:Ec 
:E~ 
•••••• (1) 
°e 
:I:~ 
-.:r ••• 
Lt)C) 
:E.! 
:Eo 


Vl 
A 
8 
C 
D 
G2 
Gl 
15 
1. 
13 
12 
11 


2. 
23 
22 
21 
20 
18 
18 
17 
16 
15 
1. 
13 


0() 
0- 


1 
2 
3 • 
5 
8 
7 
8 
8 
10 
llJl 
2 
o 
3 
• 
5 
6 
7 
8 
8 
10, GND 


OUTPUTS 


INPUTS OUTPUT INPUTS OUTPUT 
-- -- 
VCC STROBE.A 
.8 
.Y 
3A 
38 
3Y 


9 


SELECT 
lA 
18 
lY 
2A 
28 
2Y 
GND 
-- -- 
INPUTS 
OUTPUT INPUTS. OUTPUT 


Select 
Data Inputs 
Strobe 
Output 
Inputs 


B 
A 
CO 
C1 
C2 
C3 
G 
Y 


X 
X 
X 
X 
X 
X 
H 
L 
L 
L 
L 
X 
X 
X 
L 
L 
L 
L 
H 
X 
X 
X 
L 
H 
L 
H 
X 
L 
X 
X 
L 
L 
L 
H 
X 
H 
X 
X 
L 
H 


H 
L 
X 
X 
L 
X 
L 
L 
H 
L 
X 
X 
H 
X 
L 
H 


H 
H 
X 
X 
X 
L 
L 
L 
H 
H 
X 
X 
X 
H 
L 
H 


Select inputs A and B are common to both sections. 


H ~ high level, L = low level, X ~ don't care . 


Inputs 
Low 
G1 
G2 
D 
C 
B 
A 
Output' 


L 
L 
L 
L 
L 
L 
0 
L 
L 
L 
L 
L 
H 
1 
L 
L 
L 
L 
H 
L 
2 
L 
L 
L 
L 
H 
H 
3 
L 
L 
L 
H 
L 
L 
4 
L 
L 
L 
H 
L 
H 
5 
L 
L 
L 
H 
H 
L 
6 
L 
L 
L 
H 
H 
H 
7 
L 
L 
H 
L 
L 
L 
8 
L 
L 
H 
L 
L 
H 
9 
L 
L 
H 
L 
H 
L 
10 
L 
L 
H 
L 
H 
H 
11 
L 
L 
H 
H 
L 
L 
12 
L 
L 
H 
H 
L 
H 
13 
L 
L 
H 
H 
H 
L 
14 
L 
L 
H 
H 
H 
H 
15 
L 
H 
X 
X 
X 
X 
- 
H 
L 
X 
X 
X 
X 
- 
H 
H 
X 
X 
X 
X 
- 


Inputs 
OutputY 


Strobe 
Select 
A 
B 
HC157 


H 
X 
X 
X 
L 
L 
L 
L 
X 
L 
L 
L 
H 
X 
H 
L 
H 
X 
L 
L 
L 
H 
X 
H 
H 


INPUTS 
OUTPUT 
INPUTS 
OUTPUT 
-- -- 
VCC STROBE 4A 
4B 
4Y 
3A 
3B 
3Y 


10 
9 


G 
4A 
4B 
4Y 
3A 
3B 


S 
3Y 


lA 
lB 
lY 
2A 
2B 
2Y 


SELECT 
lA 
lB 
1Y 
2A 
2B 
2Y 
GNO 
-- -- 
INPUTS 
OUTPUT 
INPUTS 
OUTPUT 


Inputs 
OutputY 


Strobe 
Select 
A 
B 
HC158 


H 
X 
X 
X 
H 
L 
L 
L 
X 
H 
L 
L 
H 
X 
L 
L 
H 
X 
L 
H 
L 
H 
X 
H 
L 


RIPPLE 
OUTPUTS 
CARRY 
VCC OUTPUT OA 
Os 
Oc 


4-Bit Synchronous 
Counter 


Truth Tables 
ENABLE 
00 
T 
LOAD 
'HC160/HC161 


10 
9 
CLK 
ClR 
ENP 
ENT 
load 
Function 


X 
L 
X 
X 
X 
Clear 
X 
H 
H 
L 
H 
Count & RC disabled 
X 
H 
L 
H 
H 
Count disabled 
X 
H 
L 
L 
H 
Count & RC disabled 


+ 


H 
X 
X 
L 
Load 
H 
H 
H 
H 
Increment Counter 


ClK 
ClR 
ENP 
ENT 
load 
Funcllon 
t 
L 
X 
X 
X 
Clear 
X 
H 
H 
L 
H 
Count & RC disabled 
X 
H 
L 
H 
H 
Count disabled 
X 
H 
L 
L 
H 
Count & RC disabled 
t 
H 
X 
X 
L 
Load 
t 
H 
H 
H 
H 
increment Counter 


1,4 
13 
12 
" 
10 
9 
8 


r- 
< 


1 
2 
3 
4 
5 
6 
17 


A 
B 
-----...-.-. 
SERIALINPUTS 


Os 
0c 


OUTPUTS 


Inputs 
Outputs 


Clear 
Clock 
A 
B 
QA 
QB 
... 
QH 


L 
X 
X 
X 
L 
L 
L 
H 
L 
X 
X 
QAO 
QSO 
QHO 
H 
t 
H 
H 
H 
QAn 
QGn 
H 
t 
L 
X 
L 
QAn 
QGn 
H 
t 
X 
L 
L 
QAn 
QGn 


H ~ High Level (steady state), L = Low Level (steady state) 


X = Irrelevant 
(any input, including transitions) 
t 
= Transition from low to high leveL 


• OAO, OSO' 0HO 
~ 
the level of OA. Os, or OH, respectively, 
before 
the 
indicated steady state input conditions were estabHshed. 


OAn, 0Gn = The level of 0A or 0G before the most recent t transition of 
the clock; indicated a one-bit shift. 


PARALLELINPUTS 
CLOCK 
SERIAL OUTPUT 
VCC 
INHIBIT 
D 
C 
B 
A 
INPUT 
°H 


'0 


CLOCK 
D 
C 
B 
A 
SERIAL 
INHIBIT 
IN 
SHIFT/ 


°H 
LOAD 


CK 
H 


SHIFT/ CLOCK 
E 
G 
H 
OUTPUT GND 


LOAD 
-------- 
OM 
PARALLEL 
INPUTS 


173 TRI-STATE® Quad DFlip-Flop 


DATA ENABLE 
DATA INPUTS 
INPUTS-- 
vcc 
CLEAR 
1D 
2D 
3D 
4D 
02 
01 


18 
15 
14 
13 
12 
11 
8 


2D 
3D 
40 


20 
30 
4Q 


3 
4 
5 
8 
8 


M 
N 
10 
20 
30 
40 
CLOCK OND 
-- 
OUTPUT CONTROL 
OUTPUTS 


TL/F/5317-1 


Inputs 
Internal 
Output 
Shift! 
Clock 
Parallel 
Outputs 
QH 
Clock 
Serial 
Load 
Inhibit 
A .•• 
H 
QA 
QB 


L 
X 
X 
X 
a ... 
h 
a 
b 
h 
H 
L 
L 
X 
X 
OAO OSO 
OHO 
H 
L 
i 
H 
X 
H 
°AN 
°GN 
H 
L 
i 
L 
X 
L 
OAN 
OGN 
H 
H 
X 
X 
X 
OAO OSO 
OHO 


H ~ 
High level 
(steady state), l 
='low 
Level (steady state) 


X = Irrelevant 
(any input. including transItions) 
t ~Transition from low to high level 


0AO. OBO. OHO = The level of OA. OB. or OH, respectively. 
before 
the 
indicated steady-state 
Input conditions were established. 


OAN. OGN = The level of OA or 0G before the most recent t transition of 
the clock; indicates a one-bit shift. 


Inputs 


Data Enable 
Data 
Output 
Clear 
Clock 
G1 
G2 
0 
Q 


H 
X 
X 
X 
X 
L 
L 
L 
X 
X 
X 
00 
L 
i 
H 
X 
X 
00 
L 
i 
X 
H 
X 
00 
L 
i 
L 
L 
L 
L 
L 
i 
L 
L 
H 
H 


When 
either 
M or N (or both) 
is (are) high the 
output 
is 
disabled 
to 
the 
high-impedance 
state: 
however, 
sequential 
operation 
of 
the 
flip-flops 
is not affected. 


H = high level (steady state) 


l 
~ low level (steady state) 
t = 
low-to-high 
level transition 


X = don't care (any input including transitions) 


00 
~ the level of 0 before the indicated steady state input condi- 
tions were established 


Inputs 
Outputs 


Clear 
Clock 
D 
Q 


L 
X 
X 
L 
H 
i 
H 
H 
H 
i 
L 
L 
H 
L 
X 
00 


H ~ 
High level (steady state) 
l 
~ 
Low level (steady state) 
X ~ 
Don't Care 
t 
= Transition from low to high level 
00 = The level of 0 before the indicated steady-state 
input conditions were established. 


40 
4Ci 
1,5 
1,4 
;=>< 
o 
0 


CLR CK o~ 


o 
CLRCK 
Ci 
0 
:>< 
I' 
l3 


1Q 
10 


40'3 30,. rl1 
r'D 
CL~' 


~ 


Q 
~'7 


CKClR 
o 


---. 
A 
I:C;~Rr- 
""5<"" 


5 t 
1 


7 


'" 
2D 
2Q 
20 
GND 


TL/F/53'9-' 


, 
, , 


Vcc 
A1 
B1 
A2 
B2 
A3 
B3 
G Cn+4 
P 
A=B 
F3 


f 24 
23 
22 
21 
20 
19 
18 
17 
16 
15 
14 
13 


1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
112 


BO 
AD 
53 
52 
51 
SO 
Cn 
M 
FO 
F1 
F2 
GND 
, 
. , 
, 


INPUTS 
OUTPUTS 


TL/F/5320-' 


, 


182 4-Bit Look Ahead 


Carry Generator 


en 
Cn+x 
Cn+y 


13 
,. 
11 


G 
Cn+z 


10 
9 


1 
• 
3 
4 
5 
6 
7 
18 


G1 
P1 
GO 
PO 
G3 
P3 
P 
GND 
, 
' OUTPUT 


INPUTS 


TL/F/5321-' 


Inputs 
Outputs 


Clear 
Clock 
0 
Q 
Q 


L 
X 
X 
L 
H 
H 
i 
H 
H 
L 
H 
i 
L 
L 
H 
H 
L 
X 
00 
00 


H ~ high level (steady state) 


L ~ 
low level (steady state) 


X = irrelevant 
t - transition from low to high level 


Qo 
~ 
the 
level 
of Q 
before 
the 
indicated 


steady·state 
input conditions were established 


Pin Designations 


Dellgnatlon 
Pin NOl. 
Function 


A3, A2, AI, AO 
19,21,23,2 
Word A Inputs 


83,82,81,80 
18,20,22,1 
Word 8 Inputs 


53,52,51, 
SO 
3,4,5,6 
Function-Select 


Inputs 


e" 
7 
Inv. Carry Input 


M 
8 
Mode Control 
Input 


F3, F2, Fl, FO 
13,11,10,9 
Function Outputs 


A~8 
14 
Comparator 
Outputs 


P 
15 
Carry Propagate 


Output 


Cn+4 
16 
Inv. Carry Output 


G 
17 
Carry Generate 


Output 


Vcc 
24 
Supply Voltage 


GND 
12 
Ground 


190, 191 4-Bit Synchronous 
Up/Down 
Counter 


INPUTS 
OUTPUTS 
INPUTS 
-------. -------. 
, 


DATA 
RIPPLE MAXI 
DATA 
DATA 


vfC 
A 
CLOCK CLOCK 
MlN 
LOAD 
C 
D 


16 
15 
14 
13 
12 
11 
10 
9 


1 
2 
3 
4 
5 
8 
7 
1 
8 


DATA 
Os 
QA 
ENABLE DOWNI 
QC 
00 
GND 


....!!-- ----......--.- 
~ 
----......--.- 


INPUT 
OUTPUTS 
INPUTS 
OUTPUTS 


TLlF/5322-' 


o:s:: 
Dr :s:: 
caUl 
..,~ 
l»:I: 
30 
o 
. 


l»:S:: 
::J:s:: 
0. ••.•• 
-I~ 
"':I: 
So 
~r- 
-10 
l»ca 
cr-· 
-() 
=0o 
::J::J 
CD 
() 
!:!.o::J 


co••u 
CI)cco 
Om 
u..! 
.-.c 
C)m 
01- 
..Joe 
0- 
J:2 
'l1l:I'1- 
•••••"C 
::Ec 
::Em 
•••••rn 
°e 
J:m 
'l1l:I' ••• 
LnC) 
::E .!! 
::Eo 


INPUTS 


OUTPUTS 


D 


9 


LO •••D 


B 
D 
COUNT 
COUNT 
DOWN 
UP 


DAT'" 
Os 
0 ••• 
COUNTCOUNT 
Dc 
00 
GND 
B 
__ 
DOWN 
UP 
__ 


H'UT 
OUTPUTS 
OUTPUTS 


Count 
Clear 
Load 
Function 
Up 
Down 
t 
H 
L 
H 
Count Up 


H 
t 
l 
H 
CountDown 
X 
X 
H 
X 
Clear 
X 
X 
l 
l 
load 


H = High level 


L = Low level 
t = Trensition from low-to-high 


X = Don't care 


194 4-Bit Bidirectional Shift Register 
Function Table 


CLEAR 
SHIFT 
RIGHT 
SIORI•••L 


INPUT 


8 


SHIFT 
GND 
LEFT 
SERIAL 
INPUT 


TlIF/5323-1 


---------,-_- 
SHIFT I 


Os 
Dc 
GD 
CLOCK 
LO"'D 
11 
10 
9 


CK 


SHIFT I 


LO •••D 


Inputs 
Outputs 
~ 
serial 
Parallel 
Clear 5152 Clock Left Right ABCD 
QA 
QB 
Qc 
QD 


l 
X 
X 
X 
X 
X 
XXXX 
l 
l 
l 
l 
H 
X 
X 
l 
X 
X 
XXXX 
QAO QSO QCO QDO 
H 
H 
H 
t 
X 
X 
a b C d 
a 
b 
C 
d 
H 
l 
H 
t 
X 
H 
XXXX 
H 
QAn QSn QCn 
H 
l 
H 
t 
X 
l 
XXXX 
l 
QAn QSn QCn 
H 
H 
l 
t 
H 
X 
XXXX 
QSn QCn QDn 
H 
H 
H 
l 
t 
l 
X 
XXXX 
QSn QCn QDn 
l 
H 
l 
l 
X 
X 
X 
XXXX 
QAO QSO Qco 
QDO 


H = high level (steady state) 


L = low level (steady state) 


X = irrelevant 
(any input. including transitions) 
t 
= transition from low to high level 


a, b. c, d = the level of steady-state 
input at inputs A. B, C, or D, respectively. 


OAO. OSO. OCO, aDO = the ievel of OA, as. 
Oc, or aD, respectively, 
before the 
indicated steady~state input conditions were established. 


aM' 
0Sn. OCn, 0Dn = the level of 0A. aS, Oc. respectively. 
before the most-re- 


cent t transition of the clock. 


Inpuls 
Output. 


Shllll 
Serial 
Parallel 
liD 
Clear 
Load 
Clock 
K 
a ••• 
aB 
ac 
aD 
J 
A 
B 
C 
D 


L 
X 
X 
X 
X 
X 
X 
X 
X 
L 
L 
L 
L 
H 
H 
L 
t 
x 
x 
a 
b 
c 
d 
a 
b 
c 
d 
d 
H 
H 
L 
X 
X 
X 
X 
X 
X 
0 •••0 
Oao 
Oco 
aDO 
8E 
H 
H 
f 


L 
H 
X 
X 
X 
X 
0 •••0 
QAO 
QSn 
Ocn 


H 
H 
L 
L 
X 
X 
X 
X 
L 
QM 
QSn 
Ocn 


H 
H 
H 
H 
X 
X 
X 
X 
H 
OM 
QSn 
Ocn 
Qc. 
H 
H 
H 
L 
X 
X 
X 
X 
OM 
QM 
QSn 
Qc. 
Ocn 


H = high level (steady state) 


L = low level (steady state) 


X = irrelevant 
(any input, including transitions) 
t = transition from low to high level 


a. b, c, d = the level of steady-state 
input at inputs A, B. C. or D. respectively. 


OAO. Oao. QCO, aDO = the level of Q••••as, Qc. or QD. respectively. 
before the 
indicated steady-state 
input conditions were established. 


OM' 
OBn. OCn = the level of Q•••.os' 
Qc, respectively. 
before the most-recent 
transition of the clock. 


Inputs 
Outputs 


Clear 
A 
B 
Q 
Q 


L 
X 
X 
L 
H 
X 
H 
X 
L 
H 
X 
X 
L 
L 
H 
H 
L 
t 
.J1. 
L.J 


H 
J, 
H 
.J1. 
L.J 
t 
L 
H 
.J1. 
L.J 


H ~ 
High Level 


L = 
Low Level 
t ~Transition from Low to High 
J. = Transition from High to Low 


.J1. 
~ 
One High Level Pulse 
L.J ~ One Low Level Pulse 


X = 
Irrelevant 


237 
3-to-8 Line Decoder With Address Latches 


Truth Table 


116 
15 
14 
13 
12 
11 
10 
9 


YO 
Y1 
Y2 
Y3 
Y4 
Y5 


r- 
A 
Y8 - 


B 
C 
ill 
'G2 
G1 
Y7 
f 


1 
2 
3 
4 
15 
6 
7 
18 


ABC 
m: 
62 
G1 
Y7 
GND 
-- 
SELECT 
ENABLE 
OUTPUT 


INPUTS 
OUTPUTS 
ENABLE 
SELECT 


GL 
Gl 
G2 
C 
B 
A 
YO 
Yl 
Y2 
Y3 
Y4 
Y5 
Y6 
Y7 


X 
X 
H 
X 
X 
X 
L 
L 
L 
L 
L 
L 
L 
L 
X 
L 
X 
X 
X 
X 
L 
L 
L 
L 
L 
L 
L 
L 


L 
H 
L 
L 
L 
L 
H 
L 
L 
L 
L 
L 
L 
L 
L 
H 
L 
L 
L 
H 
L 
H 
L 
L 
L 
L 
L 
L 
L 
H 
L 
L 
H 
L 
L 
L 
H 
L 
L 
L 
L 
L 
L 
H 
L 
L 
H 
H 
L 
L 
L 
H 
L 
L 
L 
L 


L 
H 
L 
H 
L 
L 
L 
L 
L 
L 
H 
L 
L 
L 
L 
H 
L 
H 
L 
H 
L 
L 
L 
L 
L 
H 
L 
L 
L 
H 
L 
H 
H 
L 
L 
L 
L 
L 
L 
L 
H 
L 
L 
H 
L 
H 
H 
H 
L 
L 
L 
L 
L 
L 
L 
H 


H 
H 
L 
X 
X 
X 
Output corresponding to stored 
address. L; all others. H 


lG 
lAl 
2Y4 
lA2 
2Y3 
lA3 
2Y2 
lA4 
2Yl 
GND 


TLiL/S020-1 


lG 
lA 
1Y 
2G 
2A 
2Y 


L 
L 
H 
L 
L 
H 
L 
H 
L 
L 
H 
L 
H 
L 
Z 
H 
L 
Z 
H 
H 
Z 
H 
H 
Z 


lG 
lAl 
2Y4 
lA2 
2Y3 
lA3 
2Y2 
lA4 
2Yl 
GND 


TL/L/5020-2 


1G 
1A 
1Y 
2G 
2A 
2Y 


L 
L 
L 
L 
L 
Z 
L 
H 
H 
L 
H 
Z 


H 
L 
Z 
H 
L 
L 


H 
H 
Z 
H 
H 
H 


Controllnputl 
Dati Port StitUI 


GAB 
GBA 
A 
B 


H 
H 
00fl50T 
Input 
L 
H 
Isolated 
Isolated 


H 
L 
Isolated 
Isolated 
L 
L 
Input 
00fP0T 


Control Inputs 
Data Port Status 


GAB 
GBA 
A 
B 


H 
H 
OUTPUT 
Input 
L 
H 
Isolated 
Isolated 
H 
L 
Isolated 
Isolated 
L 
L 
Input 
OUTPUT 


ole 
ol7 
A8 
GHO 


TL/F/5165-1 


10 
1A 
1Y 
2G 
2A 
2Y 


L 
L 
L 
L 
L 
L 
L 
H 
H 
L 
H 
H 
H 
L 
Z 
H 
L 
Z 
H 
H 
Z 
H 
H 
Z 


Control 
Inputs 
Operation 
G 
DIR 


L 
L 
B data to A bus 
L 
H 
A data to B bus 


H 
X 
Isolation 


251 8-Channel TRI-STATE® Multiplexer; 


Truth Table 
Do\T" INPUTS 


C 


9 


DII 
07 
" 
B 


03 
C 


02 
01 
DO 
y 
W 
S 


B 


3 


TUF/5326-1 


Inputs 
Outputs 


Select 
Strobe 
Y 
W 
C 
B 
A 
S 


X 
X 
X 
H 
Z 
Z 
L 
L 
L 
L 
DO 
DO 
L 
L 
H 
L 
01 
01 
L 
H 
L 
L 
02 
02 
L 
H 
H 
L 
03 
03 
H 
L 
L 
L 
04 
04 
H 
L 
H 
L 
05 
OS 
H 
H 
L 
L 
D6 
06 
H 
H 
H 
L 
07 
D7 


H ~ high logic level, L ~ 
logic level 


X - 
Irrelevant, Z - 
high impedance 
(off) 


DO, 01 ... 
07 = the level of the respective 
0 input 


253 
Dual 4-Channel TRI-STATE® Multiplexer 


Truth Table 


Select 
Data Inputs 
Output 
Output 
Inputs 
Control 


B 
A 
CO 
C1 
C2 
C3 
G 
Y 


X 
X 
X 
X 
X 
X 
H 
Z 


L 
L 
L 
X 
X 
X 
L 
L 


L 
L 
H 
X 
X 
X 
L 
H 


L 
H 
X 
L 
X 
X 
L 
L 


L 
H 
X 
H 
X 
X 
L 
H 


H 
L 
X 
X 
L 
X 
L 
L 


H 
L 
X 
X 
H 
X 
L 
H 


H 
H 
X 
X 
X 
L 
L 
L 


H 
H 
X 
X 
X 
.H 
L 
H 


Select inputs A and B are common to both sections. 


H = high level, L ~ 
low level, X ~ 
irrelevant, 
Z ~ 
high impedance 
(off). 


INPUTS 
INPUTS 
OUTPUT 
__ 
OUTPUT 
__ 
OUTPUT 


Vec 
CONTROL 
4A 
48 
4Y 
3A 
38 
3Y 


OUTPUTS 


07 
06 
05 


8 


A 
B. 
C 
00 
01 
02 
03 
GND 


Inputs 


Output 
Select 
A 
B 
OutputY 
Control 


H 
X 
X 
X 
Z 


L 
L 
L 
X 
L 


L 
L 
H 
X 
H 


L 
H 
X 
L 
L 


L 
H 
X 
H 
H 


Inputs 
Outputs of 
Each 


Addressed 
Other 
Function 


Clear 
G 
Latch 
Output 


H 
L 
D 
aiO 
Addressable 
Latch 


H 
H 
aiO 
aiO 
Memory 


L 
L 
D 
L 
8-Line Decoder 


L 
H 
L 
L 
Clear 


Inputs 
Outputs 


A 
B 
Y 


L 
L 
H 
L 
H 
L 
H 
L 
L 
H 
H 
H 


Truth Table 


(Each Flip-Flop) 


Inputs 
Outputs 


Clear 
Clock 
D 
Q 


. L 
X 
X 
L 
H 
t 
H 
H 
H 
t 
L 
L 
H 
L 
X 
00 


H = High level (steady state) 


L = Low level (steady state) 


X = Don't Care 
t = Transition from low to high level 


00 = The level 010 before the indicated staady- 


state 
input conditions 
were 
established 


114 
13 
12 
11 
10 
9 
I 


- 
- 


1 
2 


1 
3 
4 
5 
6 
F 


Numbers 
of Inputs A 
Outputs 


thru 1 that are High 
1: Even 
1: Odd 


0.2.4,6,8 
H 
L 
1,3,5,7,9 
L 
H 


-:I: 
30 
en ...•... 
DJa: 
::Sa: 
~ ....• 
-I~ 
"':I: 
So 
::Tr- 
-10 
DJca 
0" _. 
-n:0o::s::s 
CDn- 
o· 
::s 


118 
15 
1. 
13 
12 
11 
10 
9 


- 


1 
2 
3 
• 
5 
8 
7 
18 


n 
82 
A2 
II 
Al 
81 
CO 
GND 


TL/F/5332-1 


Output 


When 
When 
Input 
CO = L 
CO = H 


When 
When 
C2 = L 
C2 = H 


Al1A3 
81183 
A21 A. 
8218. 
:Ell:E3 
nl 
:E. 
c21 C4 
:Ell 
:E3 
:E21 :E4 c21 C4 


L 
L 
L 
L 
L 
L 
L 
H 
L 
L 
H 
L 
L 
L 
H 
L 
L 
L 
H 
L 
L 
H 
L 
L 
H 
L 
L 
L 
H 
L 
H 
H 
L 
L 
L 
H 
L 
H 
H 
L 
L 
L 
H 
L 
L 
H 
L 
H 
H 
L 
H 
L 
H 
L 
H 
H 
L 
L 
L 
H 
L 
H 
H 
L 
H 
H 
L 
L 
L 
H 
H 
H 
H 
L 
L 
L 
H 
H 
L 
H 
L 
L 
L 
H 
L 
H 
L 
H 
H 
L 
H 
L 
L 
H 
H 
H 
L 
L 
L 
H 
L 
H 
L 
H 
H 
H 
L 
L 
L 
H 
H 
H 
L 
H 
L 
L 
H 
H 
L 
H 
L 
L 
H 
H 
L 
L 
H 
H 
L 
H 
H 
L 
H 
H 
H 
L 
H 
L 
H 
H 
L 
H 
H 
H 
H 
L 
H 
L 
H 
H 
H 
H 
H 
H 
L 
H 
H 
H 
H 
H 


H = High Level, L = Low Level 
Note 
Input conditions 
at AI, 
81, A2, 82, and CO are used to determine 
outputs:El 
and:E2 
and the value of the intemal carry C2. The values at C2, A3, 83, A4, and 84 are then used to 
determine 
outputs :E3, :E4, and C4 


CLEAR 
CLK1 
CLK2 
Q OUTPUT 
MODE 


L 
X 
X 
Cleared 
to L 


H 
t 
L 
Count 


H 
L 
t 
Count 


H 
H 
X 
Inhibit 


H 
X 
H 
Inhibit 


B 1 


A 
2 


TP 
3 


CLKI 4 


CLK2 5 
12 NC 


NC 6 
11 CLR 


Q 7 
10 NC 


GND 8 
9 NC 


TLiF/5333-2 


CLEAR 
CLK1 
CLK2 
Q OUTPUT 
MODE 


L 
X 
X 
Cleared 
to L 


H 
t 
L 
Count 


H 
L 
t 
Count 


H 
H 
X 
Inhibit 


H 
X 
H 
Inhibit 


DATA 
, 
WORD 
INPUT 
00 
CLOCK SELECT 
C1 
Inputs 
Outputs 


Word 
select Clock 
OA 
Os 
Oc 
OD 
!. 
81 
b1 
c1 
d1 
!. 
a2 
b2 
c2 
d2 


H 
QAO Qeo 
Qeo 
QOO 


H = High Level (steady state) 


L = Low Level (steady state) 


X - 
Don't Care (any input, including transitions) 


.j. = Transition from high to low level 


a1, &2, etc. = The level of steady-state 
input at 
A1, 1'.2, etc. 


OAO, 0eo, etc. - 
The level of OA, OB, etc. en- 
tered 
on the most 
recent 
.j. transition 
of the 
clock input. 


e 
7 
Ie 


02 
01 , 
GHO 


2 
3 
4 
5 


A2 
A1 
B1 
C2 


DATAINPUTS 


Inputs 


Output 
Control 
Clt 
02t 


L 
L 
L 
L 


L 
L 
L 
L 


L 
L 
L 
L 


L 
L 
L 
L 


X 
X 


Vcc 
S1 
i~ 


SHIFT 
RIGHT 
ON' 
KIa. 
FIll< 
OIQo Bills 
CLOCK 
SII 


17 
16 
15 
14 
13 
12 
11 


Clock 
serlol 
AlQA 
BIOe 
C/Qc 
D/QD 
E/Oe 
F/cq 
G/Qo 
HIOtt 
QA' 
Ott' 


SL 
SA 


X 
X 
X 
X 
X 
X 


X 
X 
X 
LorH 
X 
X 
t 
X 
H 
t 
X 
H 
t 
H 
X 
t 
L 
X 
t 
X 
X 


S1 
SL 
~ 
HIGH FIClF OIQo BIDo ClC 


) 
~ 
SII- 
R 


~2 
~3 
BI~ 
----- 
0UTl'IIT 
COIIT1IOLS 


567B9J:O 


EllIE 
CIOc 
Ala.. 
a.. , 
CLEAJl 6N0 


OAO 
Otto 


0AO 
0HO 


H 
00N 
L 
OON 


0Bn 
H 
OBn 
L 


co 


~ 
CD 
C 
Co 
Oen 
u..! 
.-.c 
Qas 
01- 
..J.c 
0- 
:c2 
~I- 
•••..-0 


:::Ec 
:::Eas 
..•....en 
°e 
:Cas 
~ •.. 
&nQ 
:::E .!! 
:::EO 


8-Channel TRI-STATE® Multiplexer with Latches 


OUTPUT 
Function Table 
ENABLES 
SELECT 


H = high level (steady 
state) 


l 
- 
low level (steady 
state) 


X = irrelevant 
(any input, including transitions) 


Z - 
high-impedance 
state 
(off state) 
t - transition 
from low to high level 


13 
IND 


TL/F/5209-2 


Inpula 


Data 
S8lactt 
Control 
Clock 
Output 
Outputa 


'HC354 
'HC356 
Enablea 


51 
52 
SO 
I5C 
ClK 
~1 
G2 
G3 
W 
Y 


X 
X 
X 
X 
X 
H 
X 
X 
Z 
Z 


X 
X 
X 
X 
X 
X 
H 
X 
Z 
Z 


X 
X 
X 
X 
X 
X 
X 
l 
Z 
Z 


l 
l 
l 
l 
t 
l 
l 
H 
150 
DO 
l 
l 
l 
H 
Horl 
l 
l 
H 
I50n 
DOn 


l 
l 
H 
l 
t 
l 
l 
H 
01 
01 
l 
l 
H 
H 
Horl 
l 
l 
H 
01n 
o1n 
l 
H 
l 
l 
t 
l 
l 
H 
152 
02 
l 
H 
l 
H 
Horl 
l 
l 
H 
152n 
o2n 


l 
H 
H 
l 
t 
l 
l 
H 
153 
03 
l 
H 
H 
H 
Horl 
l 
l 
H 
153n 
o3n 


H 
l 
l 
l 
t 
l 
l 
H 
154 
D4 


H 
l 
l 
H 
Horl 
l 
l 
H 
154n 
D4n 


H 
l 
H 
l 
t 
l 
l 
H 
155 
OS 


H 
l 
H 
H 
Horl 
l 
l 
H 
155n 
o5n 


H 
H 
l 
l 
t 
l 
l 
H 
156 
D6 
H 
H 
l 
H 
Horl 
l 
l 
H 
156n 
D6n 


H 
H 
H 
l 
t 
l 
l 
H 
157 
07 
H 
H 
H 
H 
Horl 
l 
l 
H 
D7n 
o7n 


DO... 
07 = the level steady-state 
inputs 
at inputs 
DO through 
07, 
respec- 


tively, at the time of the low-to-high 
cloak transition 
in the case 
of 'HC356 


DOn ... 
07 n = the 
level 
of steady 
state 
inputs 
at inputs 
DO through 
07, 


respectively, 
before 
the most 
recent 
low-to-high 
tra,{s~ion 
of data 
control 
or 


clock. 


tThls 
column 
shows 
the input address 
set-up 
with ~ 
low. 


Inputs 
Output 


G1 
G2 
A 
Y 


H 
X 
X 
Z 
X 
H 
X 
Z 
L 
L 
H 
H 
L 
L 
L 
L 


Inputs 
Output 


G1 
G2 
A 
Y 


H 
X 
X 
Z 
X 
H 
X 
Z 
L 
L 
H 
L 
L 
L 
L 
H 


~ 
M 
" 
U 
n 
~ 
n 
~D 


TL/F/52D9-3 


fi 
M 
" 
U 
n 
~ 
n 
~ 


TL/F/5209-4 


LATCH 
ENABLE 
eoS050SOQ 


Inputs 
Output 


G 
A 
Y 


H 
X 
Z 
L 
H 
H 
L 
L 
L 


Inputs 
Output 


G 
A 
Y 


H 
X 
Z 
L 
H 
L 
L 
L 
H 


Latch 
Output 
Enable 
Data 
373 
Control 
G 
Output 


L 
H 
H 
H 
L 
H 
L 
H 
L 
L 
X 
Qo 
H 
X 
X 
Z 


H - 
high 19vel, L = low level 


00 = level of output before steady-state 
input condi- 
tions were 
established. 


Z ~ high impedance 


lOa 
lac 
lQD 
GND 


OUTPUTS 


7 


lA 
1 
lOA 
lOa 
10C 
100 
GND 
CLEAR 
--- 
__ 
--- 


Output 
Clock 
Data 
Output 
Control 


L 
t 
H 
H 
L 
t 
L 
L 
L 
L 
X 
00 
H 
X 
X 
Z 


H ~ 
High Level, L = Low Level 


X = Don't Care 
t ~Transition from low-ta-high 


Z = High impedance 
state 


00 = The level 01the output belore steady state Input 
conditions were established 


Inputs 


Clock 
Clear 
Function 


,J.. 
L 
Increment 


X 
H 
Clear 


Input 


Clock 
Clear 
Function 


,J.. 
L 
Increment 


X 
H 
Clear 


423 
Dual Retriggerable 
Monostable 
Multivibrator 


Truth Table 


7 
Rem 
GND 
CEXT 


TLIFI5206-1 


Inputs 
Outputs 


Clear 
A 
B 
Q 
Q 


L 
X 
X 
L 
H 
X 
H 
X 
L 
H 
X 
X 
L 
L 
H 
H 
L 
t 
.n. 
Lr 
H 
-l. 
H 
.n. 
Lr 


H = High Level 
L = 
Low Level 
i = Transition from Low to High 
J. = Transition from High to Low 


.n. ~ One High Level Pulse 
Lr ~ One Low Level Pulse 


X = Irrelevant 


Latch 


Output 
Enable 


Control 
G 
Data 
Output 


L 
H 
H 
L 
L 
H 
L 
H 
L 
L 
X 
00 
H 
X 
X 
Z 


H = high level, L - 
low level 


00 = level of output before steady-state 
Input conditions 
were established. 


Z - 
high Impedance 


Output 
Clock 
Data 
Output 
Control 


L 
t 
H 
L 
L 
t 
L 
H 
L 
L 
X 
00 
H 
X 
X 
Z 


H = High Level, L = Low Levei 


X = Don't Care 
t ~Transition from low-ta-high 


Z 
II: High impedance 
state 


00 
~ The level of the output before steady state 
input conditions 
were 
established 


c0 
540 
Inverting Octal 
541 
Octal TRI-STATE® Buffer 
;::u 
TRI-STATE® Buffer 
CI)c 
Vet 
G2 
Y1 
Y2 
Y3 
Y' 
Y5 
Y6 
Y7 
YI 


C 
Vet 
ill 
Y' 
Y2 
Y3 
YO 
YO 
YI 
Y7 
VI 
0 
oen 
u.!! 
.- .c 
Qca 
01- 
..J.c 
0- 
:t:2 
iii 
~I- 
A' 
A2 
A3 
M 
A5 
A& 
AT 
AI 
GND 
•.•.••"C 
iii 
A1 
A2 
A3 
M 
A5 
A& 
At 
AI 
GND 
TL/F/5341-2 


:Ec 
TUF/5341-1 
:Eca 
......en 
°e 
:t:ca 
~ •.. 
563 
Octal TRI-STATE® Octal Latch with Inverted Outputs 
&nQ 
:E.!! 
:Eo 
LArCH 
Truth Table 
Vee 
10 
20 
~ 
'0 
5li 
6ll" 
711 
8li 
ENABle 


Output 
Latch 
Data 
Output 
Control 
Enable 


L 
H 
H 
L 
L 
H 
L 
H 
L 
L 
X 
Qo 
H 
X 
X 
Z 


H ~ high level, L ~ 
low level 


00 = level ot output betore steady-state 
input 


condItions 
were 
established 


Z = high impedance 


Output 
Clock 
Data 
Output 
Control 


L 
t 
H 
L 
L 
t 
L 
H 
L 
L 
X 
00 
H 
X 
X 
Z 


H = High Level, L = Low Level 
X ~ 
Don't Care 
t ~Transition trom low-ta-high 
Z ~ 
High Impedance 
State 


00 = The level ot the output betore steady state 


Input conditions 
were 
established 


Output 
Latch 
Data 
Output 
Control 
Enable 
l 
H 
H 
H 
l 
H 
l 
l 
l 
l 
X 
00 
H 
X 
X 
Z 


H = high level, L = low level 


00 = level of output before steady-state 
input 
conditions 
were 
established. 


Z = high impedance 


X = Don't car. 


Output 
Clock 
Data 
Output 
Control 
l 
t 
H 
H 
l 
t 
l 
l 
l 
l 
X 
00 
H 
X 
X 
Z 


H = High Level, L = Low Level 


X - 
Don't Care 
t = Transition from low-to-high 


Z = High impedance 
state 


00 = The level of the output before steady state 
input conditions were 
established 


16 Yee 


15 A 


o 
3 
1C SER 


E 4 
13 SLOAO 


F 5 
12 RCK 


G 6 
11 SCK 


10 OC 


GND 
9 DH' 


TL/F/5368-1 


RCK 
SCK 
SlOAD 
OC 
F\lnctlon 
t 
X 
X 
X 
Data loaded to input latches 
t 
X 
l 
H 
Data loaded from inputs to 


shift register 


No 
Data transferred 
from 


clock 
X 
l 
H 
input latches 
to shift 


edge 
register 


X 
X 
X 
l 
Serial output 
in high 


impedance 
state 


X 
t 
H 
H 
Shift register 
clocked 


OM=On_l.00=SER 


RCK 
SCK 
SCLR 
a 
Function 


X 
X 
X 
1 
OA thru OH=Tri-State 


X 
X 
L 
X 
Shift Register 
cleared 


OH'=O 


X 
t 
H 
X 
Shift Register 
clocked 


ON = 0n.1, Oo=SER 
t 
X 
H 
X 
Contents 
of Shift 


Register 
transferred 


to output 
latches 


597 
a-Bit Parallel to Serial Shift Register 


Truth Table 


RCK 
SCK 
SLOAD 
SCLR 
Function 
t 
X 
X 
X 
Data loaded to input latches 
t 
X 
L 
H 
Data loaded from inputs to 


shift register 


No 
Data transferred 
from 


clock 
X 
L 
H 
input latches 
to shift 


edge 
register 


X 
X 
L 
L 
Invalid logic, state of 


shift register 
indeterminate 


when signals 
removed 


X 
X 
H 
L 
Shift register 
cleared 


X 
t 
H 
H 
Shift register 
clocked 


°n=On-1,OO=SER 


Control 
Operation 
Inputs 
a 
DIR 
640 


L 
L 
B data to A bus 


L 
H 
A data to B bus 


H 
X 
Isolation 


643 True/Inverting 
Octal Bidirectional Transceiver 


Truth Table 


Control 
Operation 
Inputs 
a 
DIR 
643 


L 
L 
B data to A bus 


L 
H 
A data to B bus 


H 
X 
Isolation 


SELECT 


CLOCK 
SA 
ENABLE 
.A 
~ 
81 
82 
V 
~ 
as 
M 
87 
U 


21 
13 


Inputs 
Data 1/0 
Operation 
or Function 


G 
DIR 
CAB 
CBA 
SAB 
SBA 
Al ThruA8 
Bl Thru 
B8 
646 
648 


H 
X 
HorL 
HorL 
X 
X 
Input 
Input 
Isolation 
Isolation 


H 
X 
i 
i 
X 
X 
Store A and B Data 
Store A and B Data 


L 
L 
X 
X 
X 
L 
Output 
Input 
Real Time B Data to A Bus 
Real Time B Data to A Bus 
L 
L 
X 
X 
X 
H 
Stored 
B Data to A Bus 
Stored 
B Data to A Bus 


L 
H 
X 
X 
L 
X 
Input 
Input 
Real Time A Data to B Bus 
Real Time A Data to B Bus 
L 
H 
HorL 
X 
H 
X 
Stored 
A Data to B Bus 
Stored A Data to B Bus 


H = High Level L ~ Low Level X - 
Irrelevant t ~low-ta-high 
level transition 


The data output functions I.e., data at the bus pins may be enabled or disabled by various signals at the ~ and DIR Inputs. Data Input functions are always 
enabled. 


The data output functions I.e., data at the bus pins will be stored on every low-ta-high 
transition on the clock inputs. 


Inputs 


Data 
Enable 
p,a 
a 
P=Q 
P= 
Q 
L 
L 
P>Q 
L 
H 
P<Q 
L 
H 
X 
H 
H 


2i: 
mi: 
COOl-.~ 
mx 
30 
en 
. 


mi: 
::Si: 
a. . 
-I~ 
-'x 
So 
:rr- 
-10 
mco 
0" _. 
-n:0o 
::s::s 
CDn-o· 
::s 


e0 
942 300 Baud Modem 
943 300 Baud Modem 
;: 
Co) 
(Single Power Supply) 
CP 
OSI 
20 
TLA 
ee 
oSI 
20 
TlA 
ALB 
19 
GNO 
0 
oen 
CD 
AL8 
19 
GNoA 
U.!! 


11 
EXI 
'-.0 
CDT 
17 
TXA 
ffi 
18 
EXI 


O)ea 
0 •.. 


RXO 
16 
RXA1 
COT 
17 
TXA 
..J.c 
0- 
VCC 
15 
RXA2 
RXo 
16 
RXA1 
:z::2 
Yee 
15 
RXA2 
•••• 


COA 
14 
SQT 
•••• "C 
oil. 
CoA 
14 
saT 
:Ee 


XTALD 
13 
:Eea 
XTALS 
12 
VBB 
XTALo 
13 
o/A 
...... 
en 
°e 
FTLC 
10 
11 
TXO 
XTALS 
12 
GNo 
:Z::ea 
•••• 


TL/F/5341-1 
TXo 
&1)0) 
FTLC 
10 
11 
:E.! 
TLiF/5349-1 


:EO 
4002 Dual4-lnput NOR Gate 


Va: 
Y2 
A2 
12 
C2 
D2 
IlC 


14 
13 
12 


Input 
Switch 


CTL 
1/0-0/1 


L 
"OFF" 


H 
"ON" 


4017 
Decade Counter Divider 
with 10 Decoded Outputs 


DECODED 
OUTPUT "5" 
15 
Vee 


DECODED OUTPUT "1· 
15 
RESET 


DECDDEO 
OUTPUT "0. 
,. 
CLOCK 


DECODED OUTPUT ·2" 
n 
CLOCK ENABLE 


DECDOED OUTPUT •••• 
12 
CARRy-oUT 


OECODED OUTPUT ''1'' 
11 
OECDDEO OUTPUT ••, •• 


DECODED OUTPUT ,. 
10 
DECOOEO OUTPUT ••••• 


UND 
OECOOEO OUTPUT ••••• 


TOP VIEW 
TUF/5351-1 


il~4 
13 
12 
11 
10 
9 
8 


..- 
'- 


1 
2 
3 
• 
5 
6 
F 


COMPARATOR IN 


YCO OUT 


INHIBIT 


C1A .6 


C18 
7 


Yss 
B 


16 
Yoo 


15 


14 SIGNALIN 


13 
PHASE COMP II OUT 


12 R2 


11 R1 


1D OEMODULATOR OUT 


9 
YCOIN 


1,6 
15 
14 
13 
12 
11 
10 
9 


- 


1 
2 
3 
• 
5 
6 
7 
18 


012 
013 
01. 
06 
Q5 
07 
04 
GNO 


TOP VIEW 


1,6 
15 
I. 
13 
12 
11 
10 
9 


..... 


1 
2 
3 
• 
5 
6 
7 
I' 
012 
06 
Q5 
07 
04 
03 
02 
GNO 


TOPI/IEW 


7UF/5216-3 
HI 


4049 
Hex Inverting Logic Level 
Down Converter 


c0 
4050 
Hex Logic Level Down Converter 
;; 
(,) 
CD 
-NC 
l"F 
NC 
K·E 
J. 0 
0 
c 
C 
16 
15 
14 
13 
12 
11 
10 
0Uen 
(,).!! 
.- .c 
CJ)m 
01- 
...I.c 
U- 
:t:2 
~I- 
•••••"C 
:Ec 
:Em 
.•.... en 
Ue 
Vou 
G·A 
A 
H·B 
I- 
C 
C 
GNO 
:t:m 
TOP VIEW 
~ .. 
TL/F/5214-2 
LnCJ) 
:E.!! 
:Eo 


IN/OUT 


Y2 
VI 
VO 
V3 


Input 
"ON" 


Inh 
C 
B 
A 
Ch8nn81 


H 
X 
X 
X 
None 
L 
L 
L 
L 
YO 
L 
L 
L 
H 
YI 
L 
l 
H 
L 
Y2 
L 
l 
H 
H 
Y3 
l 
H 
l 
L 
Y4 
L 
H 
l 
H 
Y5 
l 
H 
H 
l 
Y6 
L 
H 
H 
H 
Y7 


1 
5 
V4 
YI 
OUT/IN ..!!.........!! 


INiiiiJT 
IN/OUT 


5 


DY2YV3Y1V 
INiiiUT 
0 UT/IN INiiiUT 


Input. 
"ON" 
Ch8nnel8 


Inh 
B 
A 
X 
Y 


H 
X 
X 
Non. 
Non. 
L 
L 
L 
OX 
OY 
L 
L 
H 
IX 
1Y 
L 
H 
L 
2X 
2Y 
L 
H 
H 
3X 
3Y 


OUT/IN 
IN/OUT 


Vee 
~ 
'AY 
All 
A 
8 
e 


fi. 
tS 
14 
13 
12 
11 
10 
• 


- 


1 
2 
4 , 
1 J.~ 


BY 
BX 
e 
e 
ex 
INH 
VII 
GND 


Input, 
"ON" Channels 


Inh 
C 
B 
A 
C 
b 
a 


H 
X 
X 
X 
None 
None 
None 


L 
L 
L 
L 
CX 
BX 
AX 


L 
L 
L 
H 
CX 
BX 
AY 


L 
L 
H 
L 
CX 
BY 
AY 


L 
L 
H 
H 
CX 
BY 
AY 


L 
H 
L 
L 
CY 
BX 
AY 


L 
H 
L 
H 
CY 
BX 
AY 


L 
H 
H 
L 
CY 
BY 
AY 


L 
H 
H 
H 
CY 
BY 
AY 


I., 
" 
14 
13 
12 
11 
10 
I 


,- 
- 


1 
Z 
3 
• 
, , 
F 
I' 


Input 
Switch 


CTL 
1/0-0/1 


L 
"OFF" 


H 
"ON" 


c0 
4075 
Triple 3-lnput OR Gate 
4078 
a-Input OR/NOR 
Gate 
~u 
Q) 
Ycc 
3C 
38 
3A 
3Y 
2Y 
2C 
Yee 
y 
H 
G 
F 
E 
Ne 
C 
11 
10 
9 
I 
C0 
0(1) 
u.! 
._,c 
O)ca 
01- 
..J.c 
0- 
:I: 2 
.1- 
•..•.." 
:Ec 
2 
3 
4 
5 
I 
7 
:Eca 
2A 
28 
1A 
18 
lC 
lY 
GND 
K 
A 
B 
e 
D 
He 
GND 
•..... 
(1) 
TUF/5155-1 
°E 


TUF/5135-1 


:I:ca 
•••• 
11)0) 
:E .!! 
:Eo 
4316 
Quad Analog Switch with Level Translator 


Truth Table 


Inputs 
SwItch 


En 
CTL 
110-011 


H 
X 
"OFF" 
L 
L 
"OFF" 
L 
H 
liON" 


4351 
a Channel Analog Multiplexer with Latches 
Truth Table 


INH 
iNti 
YEE 
6ND 


TL/F/5372-1 


Inh 
Inh 
LE 
C 
B 
A 
"On" Channel 


H 
X 
X 
X 
X 
X 
None 


X 
L 
X 
X 
X 
X 
None 
L 
H 
H 
L 
L 
L 
YO 
L 
H 
H 
L 
L 
H 
Y1 
L 
H 
H 
L 
H 
L 
Y2 
L 
H 
H 
L 
H 
H 
Y3 
L 
H 
H 
H 
L 
L 
Y4 
L 
H 
H 
H 
L 
H 
Y5 
L 
H 
H 
H 
H 
L 
Y6 
L 
H 
H 
H 
H 
H 
Y7 
L 
H 
L 
X 
X 
X 
Last Selected Channel "On" 


X 
X 
J. 
X 
X 
X 
Selected Channel Latched 


V" 
6NO 


TL/F/5372-2 


Inh 
Inh 
LE 
B 
A 
"On" Channels 


X 
I 
y 


H 
X 
X 
X 
X 
None 
X 
L 
X 
X 
X 
None 


L 
H 
H 
0 
0 
OX 
OY 
L 
H 
H 
0 
1 
1Y 
1Y 
L 
H 
H 
1 
0 
2Y 
2Y 
L 
H 
H 
1 
1 
3Y 
3Y 


L 
H 
L 
X 
X 
Last selected 
Channels 
"On" 


X 
X 


,J.. 
X 
X 
Selected 
Channels 
Latched 


Inh 
Inh 
LE 
C 
B 
A 
"On" Channels 


C 
I 
B 
I 
A 


H 
X 
X 
X 
X 
X 
None 
X 
L 
X 
X 
X 
X 
None 


L 
H 
H 
L 
L 
L 
CX 
BX 
AX 
L 
H 
H 
L 
L 
H 
CX 
BX 
AY 
L 
H 
H 
L 
H 
L 
CX 
BY 
AX 
L 
H 
H 
L 
H 
H 
CX 
BY 
AY 
L 
H 
H 
H 
L 
L 
CY 
BX 
AX 
L 
H 
H 
H 
L 
H 
CY 
BX 
AY 
L 
H 
H 
H 
H 
L 
CY 
BY 
AX 
L 
H 
H 
H 
H 
H 
CY 
BY 
AY 


L 
H 
L 
X 
X 
X 
Last Selected 
Channels 
"On" 


X 
X 


,J.. 
X 
X 
X 
Selected 
Channels 
Latched 


INPUTS 
OUTPUTS 


LE 
BI 
['f 
D 
C 
B 
A 
a 
b 
c 
d • 
I 
II 
DISPLAY 


x 
x 
0 
x 
x 
x 
x 
1 
1 
1 
1 
1 
1 
1 
8 
x 
0 
1 
x 
x 
x 
x 
0 
0 
0 
0 
0 
0 
0 
0 
1 
1 
0 
0 
0 
0 
1 
1 
1 
1 
1 
1 
0 
0 
0 
1 
1 
0 
0 
0 
1 
0 
1 
1 
0 
0 
0 
0 
1 
0 
1 
1 
0 
0 
1 
0 
1 
1 
0 
1 
1 
0 
1 
2 
0 
1 
1 
0 
0 
1 
1 
1 
1 
1 
1 
0 
0 
1 
3 
0 
1 
1 
0 
1 
0 
0 
0 
1 
1 
0 
0 
1 
1 
4 
0 
1 
1 
0 
1 
0 
1 
1 
0 
1 
1 
0 
1 
1 
5 
0 
1 
1 
0 
1 
1 
0 
0 
0 
1 
1 
1 
1 
1 
6 
0 
1 
1 
0 
1 
1 
1 
1 
1 
1 
0 
0 
0 
0 
7 
0 
1 
1 
1 
0 
0 
0 
1 
1 
1 -1 
1 
1 
1 
8 
0 
1 
1 
1 
0 
0 
1 
1 
1 
1 
0 
0 
1 
1 
9 
0 
1 
1 
1 
0 
1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1 
1 
1 
0 
1 
1 
0 
0 
0 
0 
0 
0 
0 
0 
1 
1 
1 
1 
0 
0 
0 
0 
0 
0 
0 
0 
O· 


0 
1 
1 
1 
1 
0 
1 
0 
0 
0 
0 
0 
0 
0 
0 
1 
1 
1 
1 
1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1 
1 
1 
1 
1 
1 
0 
0 
0 
0 
0 
0 
0 
1 
1 
1 
x 
x 
x 
x 


OUTPUTS 


S11 
sa 
S9 
S14 
S15 
S12 
S13' 


Data Inputs 


Selected 


Output 
LE 
InhIbit 
0 
C 
B 
A 
High 


H 
L 
L 
L 
L 
L 
50 


H 
L 
L 
L 
L 
H 
51 


H 
L 
L 
L 
H 
L 
52 


H 
L 
L 
L 
H 
H 
53 


H 
L 
L 
H 
L 
L 
54 


H 
L 
L· 
H 
L 
H 
55 


H 
L 
L 
H 
H 
L 
56' 


H 
L 
L 
H 
H 
H 
57 


H 
L 
H 
L 
L 
L 
58 


H 
L 
H 
L 
L 
H 
59 


H 
L 
H 
L 
H 
L 
510 


H 
L 
H 
L 
H 
H 
511 


H 
L 
H 
H 
L 
L 
512 


H 
L 
H 
H 
L 
H 
513 


H 
L 
H 
H 
H 
L 
514 


H 
L 
H 
H 
H 
H 
515 


All 


X 
H 
X 
X 
X 
X 
Outputs=o 


Latched 
L 
L 
X 
X 
X 
X 
Data 


T1A 
T2A 
C.. 
A. 
B. 
a. 
O. 
Vss 
INPUT 
INPUT 
OUT 
OUT 
TDPVIEW 


Inputs 
Outputs 


Clear 
A 
B 
Q 
Q 
L 
X 
X 
L 
H 


X 
H 
X 
L 
H 


X 
X 
L 
L 
H 


H 
L 
J. 
.!1.. 
L.f" 


H 
t 
H 
.!1.. 
L.f" 


H ~ High Level 


L ~ Low Level 
t = Transistlon 
from Low to High 


,J.. = Transistion 
from High to Low 


.!1.. = One High Level Pulse 
Lr = One Low Level Pulse 
X = Irrelevant 


4543 
BCD-to-7 Segment Latch/Decoder/Driver 
for 


Liquid Crystal Displays 
Truth Table 


vcc 
I 
9 
• 
d 
c 
b 
• 
Inputs 
Outputs 


111 
15 
14 
13 
12 
11 
10 
9 
LE 
81 
Ph' 
D 
C 
8 
A 
a 
b 
c 
d • , 
9 
Dllplay 


X 
H 
l 
X 
X 
X 
X 
l 
l 
l 
l 
l 
l 
l 
Blank 


H 
l 
l 
l 
l 
l 
l 
H 
H 
H 
H 
H 
H 
l 
0 


H 
l 
l 
l 
l 
l 
H 
l 
H 
H 
l 
l 
l 
l 
1 


H 
l 
l 
l 
l 
H 
l 
H 
H 
l 
H 
H 
l 
H 
2 


H 
l 
l 
l 
l 
H 
H 
H 
H 
H 
H 
l 
l 
H 
3 


H 
l 
l 
l 
H 
l 
l 
l 
H 
H 
l 
l 
H 
H 
4 


H 
l 
l 
l 
H 
l 
H 
H 
l 
H 
H 
l 
H 
H 
5 


H 
l 
l 
l 
H 
H 
l 
H 
l 
H 
H 
H 
H 
H 
6 


H 
l 
l 
l 
H 
H 
H 
H 
H 
H 
l 
l 
l 
l 
7 


H 
l 
l 
H 
l 
l 
l 
H 
H 
H 
H 
H 
H 
H 
8 


1 
2 
3 
4 
5 
I 
7 
II 
H 
l 
l 
H 
l 
l 
H 
H 
H 
H 
H 
l 
H 
H 
9 


H 
l 
l 
H 
l 
H 
l 
l 
l 
l 
l 
l 
l 
l 
Blank 
LE 
C 
B 
D 
A 
Ph 
BI 
GND 
H 
l 
l 
H 
l 
H 
H 
l 
l 
l 
l 
l 
l 
l 
Blank 


TL/F/5128-1 
H 
l 
l 
H 
H 
l 
l 
l 
l 
l 
l 
l 
l 
l 
Blank 


H 
l 
l 
H 
H 
l 
H 
l 
l 
l 
l 
l 
l 
l 
Blank 


H 
l 
l 
H 
H 
H 
l 
l 
l 
l 
l 
l 
l 
l 
Blank 


H 
l 
l 
H 
H 
H 
H 
l 
l 
l 
l 
l 
l 
l 
Blank 


l 
l 
l 
X 
X 
X 
X 
.. 
.. 


Inverse of Olltput 
Display 
t 
t 
H 
t 
Combinations 
as 


Above 
above 


X-Don't 
care 


t = Same as above combinations 
•= For liquid crystal 
readouts, apply a square wave to Ph. 
" = Depends upon the BCD code previously 
applied when lE-H 


4560 
4-Bit NBCD Adder 


VI~ 
Al 
81 
51 
52 
53 
54 
COUT 


16 
15 
14 
13 
12 
11 
10 
9 


-1 
~ 


1 
2 
3 
4 
5 
6 
7 
18 


A2 
82 
A3 
83 
A4 
84 
CIN 
GNO 


TL/F/5374-1 


Truth Table* 


INPUT 
OUTPUT 


A4 
A3 
A2 
A1 
84 
83 
82 
81 
CIN 
COUT 
84 
83 
82 
81 


0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 


0 
0 
0 
0 
0 
0 
0 
0 
1 
0 
0 
0 
0 
1 
0 
1 
0 
0 
0 
0 
1 
1 
0 
0 
0 
1 
1 
1 
0 
1 
0 
0 
I 0 
0 
1 
1 
1 
0 
1 
0 
0 
0 


0 
1 
1 
1 
0 
1 
0 
0 
0 
1 
0 
0 
0 
1 
0 
1 
1 
1 
0 
1 
0 
0 
1 
1 
0 
0 
1 
0 
1 
0 
0 
0 
0 
1 
0 
1 
0 
1 
0 
0 
1 
1 
0 
1 
1 
0 
1 
0 
0 
0 
0 
1 
0 
1 
0 
0 
1 
0 
1 
1 
1 
0 
0 
1 
1 
1 
1 
0 
0 
1 


·Partlal 
truth table to show logic operation 
for representative 
input values 


MM54HC/MM74HC Data 
Sheets 


~National 
~ 
semiconductor 


General Description 
These NAND gates utilize microCMOSTMTechnology, 3.5 
micron silicon gate P-well CMOS, to achieve operating 
speeds similar to LSTIL gates with the low power consump- 
tion of standard CMOS integrated circuits. All gates have 
buffered outputs. All devices have high noise immunity and 
the ability to drive 10 LSTIL loads. The 54HC/74HC logic 
family is functionally as well as pin-out compatible with the 
standard 54LS174LS logic family. All inputs are protected 
from damage due to static discharge by internal diode 
clamps to Vcc and ground. 


Features 


• 
Typical propagation delay: 8 ns 
• 
Wide power supply range: 2-6V 
• 
Low quiescent current: 20 p.A maximum (74HC series) 
• 
Low input current: 1 p.A maximum 
• 
Fanout of 10 LS-TIL loads 


MM54HCOO/MM74HCOO 


54HCOO (J) 
74HCOO (J,N) 


:~y 


TL/F/5292-2 


Absolute Maximum Ratings (Notes 
1 & 2) 
Operating Conditions 


Supply Voltage (Vee) 
-0.5 
to + 7.0V 
Mln 
Max 
Units 


DC Input Voltage (VIN) 
-1.5 
to Vee+1.5V 
Supply Voltage(Vee) 
2 
6 
V 


DC Output Voltage (VOUT) 
-0.5 
to Vee+ 0.5V 
DC Input or Output Voltage 
0 
Vee 
V 


Clamp Diode Current (11K, 10K) 
±20mA 
(VIN,VOUT) 


DC Output Current, per pin (lOUT) 
±25mA 
Operating Temperature 
Range(T A) 
DC Vee or GND Current, per pin (Ieel 
±50mA 
MM74HC 
-40 
+85 
·C 


Storage Temperature 
Range (TSTG) 
-65·Cto 
+ 150·C 
MM54HC 
-55 
+125 
·C 


Power Dissipation (Po) (Note 3) 
500mW 
Input Rise or Fall Times 


Lead Temperature 
(TLl (Soldering 10 seconds) 
260·C 
(tr, tll 
Vee=2V 
1000 
ns 


Vee=4.5V 
500 
ns 


Vee=6.0V 
400 
ns 


DC Electrical Characteristics 
(Note 4) 
, 


TA=25·C 
74HC 
54HC 


Symbol 
Parameter 
Conditions 
Vee 
TA= -40to 
85·C 
TA= -55 
to 125·C 
Units 


Typ 
Guaranteed 
Limits 


VIH 
Minimum High Level 
2.0V 
1.5 
1.5 
1.5 
V 
Input Voltage 
4.5V 
3.15 
3.15 
3.15 
V 


6.0V 
4.2 
4.2 
4.2 
V 


VIL 
Maximum Low Level 
2.0V 
0.3 
0.3 
0.3 
V 
Input Voltage 
4.5V 
0.9 
0,9 
0.9 
V 


6.0'1 
1.2 
1.2 
1.2 
V 


VOH 
Minimum High Level 
VIN=VIHorVIL 


Output Voltage 
IIOUTIS:20 /LA 
2.0V 
2.0 
1.9 
1.9 
1.9 
V 


4.5V 
4.5 
4.4 
4.4 
4.4 
V 


6.0V 
6.0 
5.9 
5.9 
5.9 
V 


VIN = VIH or VIL 
IIOUTIs:4.0 mA 
4.5V 
4.2 
3.98 
3.84 
3.7 
V 
IIOUTIs:5.2 mA 
6.0V 
5.7 
5.48 
5.34 
5.2 
V 


VOL 
Maximum Low Level 
VIN=VIH 
Output Voltage 
IIOUTIs:20 /LA 
2.0V 
0 
0.1 
0.1 
0.1 
V 


4.5V 
0 
0.1 
0.1 
0.1 
V 


6.0V 
0 
0.1 
0.1 
0.1 
V 


VIN=VIH 
IIOUTIs:4.0 mA 
4.5V 
0.2 
0.26 
0.33 
0.4 
V 


IIOUTIs:5.2 mA 
6.0V 
0.2 
0.26 
0.33 
0.4 
V 


IIN 
Maximum Input 
VIN=VeeorGND 
6.0V 
±0.1 
±1.0 
±1.0 
/LA 
Current 


Ice 
Maximum Quiescent 
VIN = Vee or GND 
6.0V 
2.0 
20 
40 
/LA 
Supply Current 
IOUT=O /LA 


Note 
1: Absolute 
Maximum 
Ratings are those values beyond which damage to the device may occur. 


Note 
2: Unless otherwise 
specified 
all voltages 
are referenced 
to ground. 


Note 3: PowerDissipationtemperaturederating- 
piastic"N" package:-'2 
mWrC from 6S·Cto 8S·C;ceramic"J" package:-12 mWrC from 
100·Cto 12S·C. 
Note 4: Fora powersupplyof SV ± 10%the worstcaseoutputvoltages(VOH.andvou occurfor HCat 4.SV.Thusthe4.SVvaluesshouldbe usedwhen 
designingwiththissupply.WorstcaseV,HandV,LoccuratVcc~ S.SVand4.SVrespectively.(TheVIHvalueatS.SVis3.8SV.)Theworstcaseleakagecurrent(I'N. 
Ice.andloV occurlor CMOSat thehighervoltageand sothe6.0Vvaluesshouldbeused. 


, 


AC Electrical Characteristics 


Vcc=5V, 
TA=25'C, 
CL =15 
pF, t,=tf=6 
ns 


Symbol 
Parameter 
Conditions 
Typ 
Guaranteed 
Units 
limit 


tpHL, tpLH 
Maximum 
Propagation 
8 
15 
ns 


Delay 


AC Electrical Characteristics 


Vcc=2.0V 
to 6.0V, CL =50 
pF, tr=tf=6 
ns (unless 
otherwise 
specified) 


TA=25'C 
74HC 
54HC 


Symbol 
Parameter 
Conditions 
Vcc 
TA= 
-40 
to 85'C 
TA= 
-55 
to 125'C 
Units 
Typ 
Guaranteed 
limits 


tpHL, tpLH 
Maximum 
Propagation 
2.0V 
45 
90 
113 
134 
ns 


Delay 
4.5V 
9 
18 
23 
27 
ns 


6.0V 
8 
15 
19 
23 
ns 


tTLH, tTHL 
Maximum 
Output 
Rise 
2.0V 
30 
75 
95 
110 
ns 


and Fall Time 
4.5V 
8 
15 
19 
22 
ns 


6.0V 
7 
13 
16 
19 
ns 


CPO 
Power Dissipation 
(per gate) 
20 
pF 


Capacitance 
(Note 5) 


CIN 
Maximum 
Input 
5 
10 
10 
10 
pF 
Capacitance 


Note 
5: Cpo 
determines 
the 
no load dynamic 
power 
consumption, 
PO=CPD 
Vcc2 
f+lcc 
Vcc. 
and the 
no load dynamic 
current 
consumption, 
Is~CPD Vcc f+1cc· 
Note 6: Referto Section1 for TypicalMM54174HCAC SwitchingWaveformsandTest Circu~s. 


~National 
~ 
semiconductor 


MM54HC021.MM74HC02 Quad 2-lnput NOR Gate 


General 
Description 


These 
NOR gates utilize microCMOSTM 
Technology, 
3.5 mi- 
cron silicon 
gate P-well CMOS, 
to achieve 
operating 
speeds 


similar 
to LS-TIL 
gates with the low power 
consumption 
of 


standard 
CMOS 
integrated 
circuits. 
All gates 
have buffered 


outputs, 
providing 
high 
noise 
immunity 
and 
the 
ability 
to 
drive 10 LS-TIL 
loads. The 54HC174HC 
logic family is func- 


tionally 
as 
well 
as 
pin-out 
compatible 
with 
the 
standard 
54LS174LS 
logic family. 
All inputs 
are protected 
from dam- 
age due to static discharge 
by internal 
diode clamps 
to Vcc 


and ground. 


Features 


• 
Typical 
propagation 
delay: 
8 ns 


• 
Wide 
power 
supply 
range: 
2-6V 


• 
Low 
quiescent 
supply 
current: 
20 IJ-A maximum 
(74HC 


series) 


• 
Low input current: 
1 IJ-A maximum 


• 
High output 
current: 
4 mA minimum 


MM54HC02/MM74HC02 


54HC02 (J) 
74HC02 (J,N) 


:~y 


TUF/5294-2 


Absolute Maximum Ratings (Notes 
1 & 2) 
Operating Conditions 


Supply Voltage 
(Vecl 
-0.5 
to + 7.0V 
Mln 
Max 
Units 


DC Input Voltage 
(VIN) 
-1.5 
to Vee+1.5V 
Supply Voltage(Vecl 
2 
6 
V 


DC Output Voltage 
(Vour) 
-0.5 
to Vee+0.5V 
DC Input or Output Voltage 
0 
Vce 
V 


Clamp Diode Current 
(11K. loKl 
±20mA 
(VIN.Vour) 


DC Output Current. 
per pin (lour) 
±25mA 
Operating 
Temperature 
Range(T Al 


DC Vce or GND Current. 
per pin (Ice) 
±50mA 
MM74HC 
-40 
+85 
·C 


Storage 
Temperature 
Range (TsrG) 
-65·Cto 
+ 150·C 
MM54HC 
-55 
+125 
·C 


Power Dissipation 
(Po) (Note 3) 
500mW 
Input Rise or Fall Times 


Lead Temperature 
(Tu (Soldering 
10 seconds) 
260·C 
(tr• tf) 
Vce=2.0V 
1000 
ns 


Vee=4.5V 
.. 
500 
ns 


Vce=6.0V 
400 
ns 
DC Electrical Characteristics 
(Note 
4) 


TA=25·C 
74HC 
54HC 


Symbol 
Parameter 
Conditions 
Vcc 
TA= 
-40 
to 85·C 
TA= 
-55 
to 125·C 
Units 
Typ 
- 
Guaranteed 
LImits 


VIH 
Minimum 
High Level 
2.0V 
1.5 
1.5 
1.5 
V 


Input Voltage 
4.5V 
3.15 
3.15 
3.15 
V 


6.0V 
4.2 
4.2 
4.2 
V 


VIL 
Maximum 
Low Level 
2.0V 
0.3 
0.3 
0.3 
V 


Input Voltage 
4.5V 
0.9 
0.9 
0.9 
V 


6.0V 
1.2 
1.2 
1.2 
V 


VOH 
Minimum 
High Level 
VIN=VIL 
Output 
Voltage 
Iiourl 
,:;;20 IJ-A 
2.0V 
2.0 
1.9 
1.9 
1.9 
V 


4.5V 
4.5 
4.4 
4.4 
4.4 
V 


6.0V 
6.0 
5.9 
5.9 
5.9 
V 


VIN=VIL 
Iiourl 
':;;4.0 mA 
4.5V 
4.2 
3.98 
3.84 
3.7 
V 


Iiourl 
,:;;5.2 mA 
6.0V 
5.7 
5.48 
5.34 
5.2 
V 


VOL 
Maximum 
Low Level 
VIN = VIH or VIL 
Output Voltage 
Ilourl':;;20 
IJ-A 
2.0V 
0 
0.1 
0.1 
0.1 
V 


4.5V 
0 
0.1 
0.1 
0.1 
V 


6.0V 
0 
0.1 
0.1 
0.1 
V 


VIN = VIH or VIL 
Ilourl':;;4.0 
mA 
4.5V 
0.2 
0.26 
0.33 
0.4 
V 


Iiourl 
':;;5.2 mA 
6.0V 
0.2 
0.26 
0.33 
0.4 
V 


IIN 
Maximum 
Input 
VIN=VecorGND 
6.0V 
±0.1 
±1.0 
±1.0 
IJ-A 
Current 


Ice 
Maximum 
Quiescent 
VIN=VeeorGND 
6.0V 
2.0 
20 
40 
IJ-A 
Supply Current 
lour=O 
IJ-A 


Note 
1: Absolute 
Maximum 
Ratings are those values beyond which damage to the device may occur. 


Note 
2: Unless otherwise 
specified 
all voltages 
are referenced 
to ground. 


Nole 3: Power Dissipationtemperature derating - 
plastic "N" package: -12 
mWrC from 6S·C to 8S·C; ceramic "J" package: -12 
mWrC from 
100'C to 12S'C. 


Note 4: For a power suppiyof SV ± 10% the worst case outputvoltages (VOH,and Vou occur for HC at 4.SV.Thusthe 4.SVvaluesshouldbe used when 
designingw~hthissupply.WorstcaseV,HandV'Loccurat Vee= S.SVand4.SVrespectively.(TheV,Hvalueat S.SVis 3.8SV.lTheworstcaseleakagecurrent(I,N, 
Ice, and lozl occurfor CMOSat the h~her voltageandso the 6.0Vvaluesshouldbe used. 


AC Electrical Characteristics 


Vcc=5V, 
TA=25'C. 
CL=15 pF, tr=tf=6 
ns 


Symbol 
Parameter 
Conditions 
Typ 
Guaranteed 
Units 
Limit 


tpHL.tpLH 
Maximum Propagation 
8 
15 
ns 


Delay 


AC Electrical Characteristics 


Vcc=2.0V 
to 6.0V. CL=50 pF. tr=tf=6 
ns (unless otherwise specified) 


TA=25'C 
74HC 
54HC 


Symbol 
Parameter 
Conditions 
Vcc 
TA= -40 to 85'C 
TA= -55to125'C 
Units 


Typ 
Guaranteed Limits 


tpHL.tpLH 
Maximum Propagation 
2.6V 
45 
90 
113 
134 
ns 
Delay 
4.5V 
9 
18 
23 
27 
ns 


6.0V 
8 
15 
19 
23 
ns 


tTLH.tTHL 
Maximum Output Rise 
2.0V 
30 
75 
95 
110 
ns 
and Fall Time 
4.5V 
8 
15 
19 
22 
ns 


6.0V 
7 
13 
16 
19 
ns 


CPD 
Power Dissipation 
(per gate) 
20 
pF 


Capacitance (Note 5) 


C,N 
Maximum Input 
5 
10 
10 
10 
pF 


Capacitance 


Note 
5: CPO determines 
the 
no load dynamic 
power 
consumption, 
Po= CPO Vcc2 
f+ Ice 
Vcc. 
and the 
no load 
dynamic 
current 
consumption, 
IS- CPO Vcc f+ Ice· 


Note 6: Refer to Section 1 for Typical MM54174HC 
AC SwitchIng Waveforms 
and Test Circuits. 


~National 
~ 
semiconductor 


MM54HC03/MM74HC03 
Quad 2-lnput 
Open Drain NAND Gate 


General Description 
These NAND gates utilize microCMOSTMTechnology. 3.5 
micron silicon gate P-well CMOS, to. achieve operating 
speeds similar to LSTTL gates with the low power consump- 
tion of standard CMOS integrated circuits. All gates have 
buffered outputs. All devices have high noise immunity and 
the ability to drive 10 LSTTL loads. The 54HC/74HC logic 
family is functionally as well as pin-out compatible with the 
standard 54LS/74LS logic family. All inputs are protected 
from damage due to static discharge by internal diode 
clamps to Y"cc and ground. 
As with standard 54HC174HC push-pull outputs there are 
diodes to both Vcc and ground. Therefore the output should 
not be pulled above'Vcc 
as it would be clamped to one 
diode voltage above Vcc. This diode is added to enhance 
electrostatic protection. 


Features 


• 
Typical propagation delay: 12 ns 
• 
Wide power supply range: 2-6V 
• 
Low quiescent current: 20 p.A maximum (74HC series) 
• 
Low input current: 1 p.A maximum 
• 
Fanout of 10 LS-TTL loads 


MM54HC03/MM74HC03 


54HC03 (J) 
74HC03 (J,N) 


Absolute Maximum Ratings 
(Notes 
1 & 2) 
Operating Conditions 


Supply Voltage(Vcd 
-0.5 
to + 7.0V 
Mln 
Max 
Units 
DC Input Voltage(VjN) 
-1.5 
to Vcc+1.5V 
Supply Voltage(Vccl 
2 
6 
V 
DC Output Voltage(Vour) 
-0.5 
to Vcc+0.5V 
DC Input or Output Voltage 
0 
Vcc 
V 
Clamp Diode Current(lIK. 
10K) 
±20mA 
(VIN.Vour) 
DC Output Current. 
per pin(lour) 
±25mA 


DC Vce or GND Current. 
per pin(lce) 
±50mA 
Operating 
Temperature 
Range(T Al 


Storage 
Temperature 
Range(T 8TG) 
-65·Cto 
+ 1500C 
MM74HC 
-40 
+85 
·C 


Power Dissipation(PD) 
(Note 3) 
500mW 
MM54HC 
-55 
+125 
·C 


Lead Temperature(TLl 
(Soldering 
10 seconds) 
260·C 
Input Rise or Fall Times 


(tr• ttl 
Vcc=2.0V 
1000 
ns 


Vcc=4.5V 
500 
ns 
Vce=6.0V 
400 
ns 
DC Electrical Characteristics 
(Note 
4) 


TA=25·C 
74HC 
54HC 


Symbol 
Parameter 
Conditions 
Vcc 
TA= 
-40 
to 85·C 
TA= 
-55 
to 12S·C 
Units 
Typ 
Guaranteed 
Limits 


VIH 
Minimum 
High Level 
2.0V 
1.5 
1.5 
1.5 
V 


Input Voltage 
4.5V 
3.15 
3.15 
3.15 
V 


6.0V 
4.2 
4.2 
4.2 
V 


VIL 
Maximum 
Low Level 
2.0V 
0.3 
0.3 
0.3 
V 


Input Voltage 
4.5V 
0.9 
0.9 
0.9 
V 


6.0V 
1.2 
1.2 
1.2 
V 


VOH 
Minimum 
High Level 
VIN = VIH or VIL 


. 


Output 
Voltage 
Iiourl 
,;;;20 /LA 
2.0V 
2.0 
1.9 
1.9 
1.9 
V 


RL =1 kO 
4.5V 
4.5 
4.4 
4.4 
4.4 
V 


6.0V 
6.0 
5.9 
5.9 
5.9 
V 


VOL 
Minimum 
Low Level 
VIN=VIH 
Output Voltage 
Ilour[';;;20 
/LA 
2.0V 
0 
0.1 
0.1 
0.1 
V 
RL =00 
4.5V 
0 
0.1 
0.1 
0.1 
V 


6.0V 
0 
0.1 
0.1 
0.1 
V 


VIN=VIH 
[lourl';;;4.0 
mA 
4.5V 
0.2 
0.26 
0.33 
0.4 
V 


[Iourl 
,;;;5.2 mA 
6.0V 
0.2 
0.26 
0.33 
0.4 
V 


ILKG 
Minimum 
High Level 
VIN=VIHorVIL 
6.0V 
0.5 
5 
10 
/LA 
Output 
Leakage 
Current 
Vour=Vcc 


IIN 
Maximum 
Input 
VIN = Vcc or GND 
6.0V 
±0.1 
±1.0 
±1.0 
/LA 
Current 


Ice 
Maximum 
Quiescent 
VIN=VCC 
or GND 
6.0V 
2.0 
20 
40 
/LA 
Supply Current 
lour=O 
/LA 


Note 
1: Absolute 
Maximum 
Ratings are those values beyond which damage to the device may occur. 


Note 2: Unless otherwise 
specified all voltages are referenced 
to ground. 


Note 
3: Power Dissipation temperature 
derating - 
plastic 
"N" 
package: 
-12 
mwrc 
from 65"C to 8S 


ClC; ceramic 
"J" package: 
-12 
mWrC from 
100·Cto 12S·C. 
Note 4: For a power supply of 5V ±10% the worst case outputvoltages(VOH.and Vou occur for HC at4.SV. Thus the 4.5V valuesshouldbe used when 
designingwiththissupply.WorstcaseV,HandV,Loccurat Vce =5.SVand4.SVrespectively.(TheV,Hvalueat 5.SVis 3.8SV.)Theworstcaseleakagecurrent(IIN. 
Ice. and lov occur for CMOSat the highervoltageand so the 6.0Vvaluesshouldbe used. 
. 
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AC Electrical Characteristics 


Vcc=5V. 
TA=25°C. 
CL =15 
pF. tr=tf=6 
ns 


Symbol 
Parameter 
Conditions 
Typ 
Guaranteed 
Units 
Limit 


tpHL. tpLH 
Maximum 
Propagation 
RL =1 Kfi 
10 
20 
ns 


Delay 


AC Electrical Characteristics 


Vcc=2.0V 
to 6.0V. CL =50 
pF. tr=tf=6 
ns (unless 
otherwise 
specified) 


TA=25oC 
74HC 
54HC 


Symbol 
Parameter 
Conditions 
Vcc 
TA= 
-40 
to 85°C 
TA= 
-55 
to 125"C 
Units 
Typ 
Guaranteed 
Limits 


tpHL. tpLH 
Maximum 
Propagation 
RL =1 Kfi 
2.0V 
63 
125 
158 
186 
ns 
Delay 
4.5V 
13 
25 
32 
37 
ns 
6.0V 
11 
21 
27 
32 
ns 


tTHL 
Maximum 
Output 
2.0V 
30 
75 
95 
110 
ns 


Fall Time 
4.5V 
8 
15 
19 
22 
ns 


6.0V 
7 
13 
16 
19 
n8 


CPO 
Power Dissipation 
(per gate) 
20 
pF 
Capacitance 
(Note 5) 


CIN 
Maximum 
Input 
5 
10 
10 
10 
pF 
Capacitance 


Note 5: CPO determines lI1e no load dynamic power consumption, Po=Cpo 
Vcc2 I+lcc 
Vcc. and lI1e no load dynamic current consumption. 
Is=Cpo Vcc I+lcc· The powerdissipatedby RLis not included. 
Note 8: Referto Section1 for TypicalMM54/74 
HC AC Sw~chingWaveformsandTest Clrcu~s. 


General 
Description 


These 
inverters 
utilize microCMOSTM 
Technology, 
3.5 micro 
silicon gate P-well CMOS, to achieve 
operating 
speeds 
simi- 
lar to LS-TTL gates with the low power consumption 
of stan- 
dard CMOS 
integrated 
circuits. 


The 
MM54HCU04/MM74HCU04 
is an unbuffered 
inverter. 


It has high noise immunity 
and the ability to drive 15 LS-TTL 
loads. The 54HC174HC 
logic family is functionally 
as well as 
pin-out 
compatible 
with the standard 
54LS/74LS 
logic fami- 
ly. All inputs 
are protected 
from 
damage 
due to static 
dis- 
charge 
by internal 
diode 
clamps 
to Vcc 
and ground. 


Features 


• 
Typical 
propagation 
delay: 
7 ns 


• 
Fan out of 15 LS-TTL 
loads 


• 
Quiescent 
power 
consumption: 
10 ".A maximum 
at room 
temperature 


• 
Typical 
input current: 
10-5 
".A 
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Al 
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A2 
YO 
A3 
Y3 
GND 
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MM54HCU04/MM74HCU04 


54HCU04(J) 
74HCU04 
(J,N) 
HI 


Schematic 
Diagram 


vcc 
.~ 


y 


~ 
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Absolute Maximum Ratings 
(Notes 
1 & 2) 
Operating Conditions 


Supply Voltage 
(Vcc) 
-0.5 
to + 7.0V 
Mln 
Max 
Units 


DC Input Voltage 
(VIN) 
-1.5 
to Vcc+1.5V 
Supply Voltage(Vcc) 
2 
6 
V 


DC Output Voltage 
(VOUT) 
-0.5 
to Vcc+0.5V 
DC Input or Output Voltage 
0 
Vcc 
V 


Clamp Diode Current 
(11K, 10K) 
±20mA 
(VIN,VOUT) 


DC Output 
Current, 
per pin (lOUT) 
±25mA 
Operating 
Temperature 
Range(T Al 


DC Vcc or GND Current, 
per pin (Icel 
±50mA 
MM74HC 
-40 
+65 
·C 


Storage 
Temperature 
Range (TSTG) 
-65·Cto 
+ 150·C 
MM54HC 
-55 
+125 
·C 


Power Dissipation 
(Po) (Note 3) 
500mW 
Input Rise or Fall Times 


lead 
Temperature 
(TLl (Soldering 
10 seconds) 
260·C 
(t.-.tt) 
Vce=2V 
1000 
ns 


Vcc=4.5V 
500 
ns 


Vcc=6.0V 
400 
ns 


DC Electrical Characteristics 
(Note 
4) 


TA=25·C 
74HC 
54HC 


Symbol 
Parameter 
Conditions 
Vcc 
TA = -40 
to 85·C 
TA= 
-55 
to 12SOC 
Units 
Typ 
Guaranteed 
Limits 


VIH 
Minimum 
High level 
2.0V 
1.7 
1.7 
1.7 
V 


Input Voltage 
4.5V 
3.6 
3.6 
3.6 
V 


6.0V 
4.8 
4.8 
4.8 
V 


VIL 
Maximum 
low 
level 
2.0V 
0.3 
0.3 
0.3 
V 


Input Voltage 
4.5V 
0.8 
0.8 
0.8 
V 


6.0V 
1.1 
1.1 
1.1 
V 


VOH 
Minimum 
High level 
VIN=VIL 
Output Voltage 
IIOUTI~20 
~A 
2.0V 
2.0 
1.8 
1.8 
1.8 
V 


4.5V 
4.5 
4.0 
4.0 
4.0 
V 


6.0V 
6.0 
5.5 
5.5 
5.5 
V 


VIN=GND 


liouTI~4.0 
mA 
4.5V 
4.2 
3.98 
3.84 
3.7 
V 


IIOUTI~5.2 
mA 
6.0V 
5.7 
5.48 
5.34 
5.2 
V 


VOL 
Maximum 
low 
level 
VIN=VIH 
Output Voltage 
IIOUTI~20 
~A 
2.0V 
0 
0.2 
0.2 
0.2 
V 


4.5V 
0 
0.5 
0.5 
0.5 
V 


6.0V 
0 
0.5 
0.5 
0.5 
V 


VIN=VCC 


IIOUTI ~6.0 
mA 
4.5V 
0.2 
0.26 
0.33 
0.4 
V 


IIOUTI~7.8mA 
6.0V 
0.2 
0.26 
0.33 
0.4 
V 


IIN 
Maximum 
Input 
VIN = Vcc 
or GND 
6.0V 
±0.1 
±1.0 
±1.0 
~A 
Current 


Ice 
Maximum 
Quiescent 
VIN = Vce or GND 
6.0V 
2.0 
20 
40 
~A 
Supply Current 
IOUT=O 
~A 


Note 
1: Absolute 
Maximum 
Ratings are those values beyond which damage to the device may occur. 


Note 
2: Unless otherwise 
specified 
all voltages 
are referenced 
to ground. 


Nole 3: Power Dissipationlemperature derating - 
plastic "N" package: -12 
mWrC from 6S·C 10 8S·C; ceramic "J" package: -12 mWrC from 


100·Cto 12S·C. 


Nole 4: For a power supply of SV ±10% the worst case output voltages(VOH.and VOU occur for HC at 4.SV.Thus the 4.SVvaluesshould be used when 
designingwiththissupply.WorstcaseV,HandV,l occurat Vce=S.SV and4.SVrespectively.(TheV,Hvalueat S.SVis3.8SV.)Theworstcaseleakagecurrent(I,N. 
Ice. and lozl occur for CMOSat the highervoltageand so the 6.0Vvaluesshouldbe used. 


AC Electrical Characteristics 
Vcc=5V. 
TA=25"C. CL=15 pF.t,=tf=6 
ns 


Symbol 
Parameter 
Conditions 
Typ 
Guaranteed 
Units 
Limit 


tpHL.tpLH 
Maximum Propagation 
7 
13 
ns 


Delay 


AC Electrical Characteristics 
Vcc=2.0V 
to 6.0V. CL=50 pF. tr=tf=6 
ns (unless otherwise specified) 


TA=25"C 
74HC 
54HC 


Symbol 
Parameter 
Conditions 
Vcc 
TA= -40 to 85"C 
TA= -55 to 125"C 
Units 
Typ 
Guaranteed Limits 


tpHL.tpLH 
Maximum Propagation 
2.0V 
49 
82 
103 
120 
ns 
Delay 
4.5V 
9.9 
16 
21 
24 
ns 


6.0V 
8.4 
14 
18 
20 
ns 


tTLH.tTHL 
Maximum Output Rise 
2.0V 
30 
75 
95 
110 
ns 


and Fall Time 
4.5V 
8 
15 
19 
22 
ns 
6.0V 
7 
13 
16 
19 
ns 


Cpo 
Power Dissipation 
(per gate) 
90 
pF 


Capacitance (Note 5) 


CIN 
Maximum Input 
8 
15 
15 
15 
pF 


Capacitance 


Note 
5: CPO determines 
the 
no load 
dynamic 
power 
consumption. 
Po=CPO 
Vcc2 
1+ICC 
Vcc. 
and the 
no load 
dynamic 
current 
consumption, 
IS~CPD VCC 1+lcc· 


Note 6: ReIer to Section 1 tor Typical MM54/74 
HC AC Sw~ching Waveforms 
and Test Circuits. 
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General Description 


These 
Inverters 
utilize 
microCMOSTM 
Technology, 
3.5 mi- 
cron silicon 
gate P-well CMOS, to achieve 
operating 
speeds 
similar to LS-TIL 
gates with the low power 
consumption 
of 
standard 
CMOS 
integrated 
circuits. 


The MM54HC04/MM74HC04 
is a triple 
buffered 
inverter. 
It 
has high noise 
immunity 
and the ability 
to drive 
10 LS-TIL 
loads. The 54HC/74HC 
logic family is functionally 
as well as 
pin-out 
compatible 
with the standard 
54LS/74LS 
logic fami- 
ly. All inputs 
are protected 
from 
damage 
due to static 
dis- 
charge 
by internal 
diode clamps 
to Vcc 
and ground. 


Features 


• 
Typical 
propagation 
delay: 
8 ns 


• 
Fan out of 10 LS-TIL 
loads 


• 
Quiescent 
power 
consumption: 
room 
temperature 


• 
Typical 
input current: 
10-5 
,...A 


MM54HC04/MM74HC04 


54HC04 (J) 
74HC04 (J,N) 


Absolute Maximum Ratings (Notes 
1 & 2) 
Operating Conditions 


Supply Voltage 
(Vecl 
-0.5 
to +7.0V 
Mln 
Max 
Units 


DC Input Voltage 
(VIN) 
-1.5toVce+1.5V 
Supply Voltage(Vce) 
2 
6 
V 


DC Output Voltage 
(Vour) 
-0.5 
to Vce + 0.5V 
DC Input or Output Voltage 
0 
Vce 
V 


Clamp Diode Current 
(11K, 10K) 
±20mA 
(VIN,Vour) 


DC Output 
Current, 
per pin (lour) 
±25mA 
Operating 
remperature 
Range(T A> 


DC Vce or GND Current. 
per pin (Ice) 
±50mA 
MM74HC 
-40 
+85 
·C 


Storage 
Temperature 
Range (TSTG) 
-65·Cto 
+ 150·C 
MM54HC 
-55 
+125 
·C 


Power Dissipation 
(Po) (Note 3) 
500mW 
Input Rise or Fall Times 


Lead Temperature 
(TLl (Soldering 
10 seconds) 
260'C 
(tr,t,) 
Vce=2.0V 
1000 
ns 


Vce=4.5V 
500 
ns 


Vce=6.0V 
400 
ns 


DC Electrical Characteristics 
(Note 
4) 


TA=25'C 
74HC 
54HC 


Symbol 
Parameter 
Conditions 
Vcc 
TA= 
-40to 
85'C 
TA= 
-55 
to 125'C 
Units 


Typ 
Guaranteed 
Limits 


VIH 
Minimum 
High Level 
2.0V 
1.5 
1.5 
1.5 
V 


Input Voltage 
4.5V 
3.15 
3.15 
3.15 
V 


6.0V 
4.2 
4.2 
4.2 
V 


VIL 
Maximum 
Low Level 
2.0V 
0.3 
0.3 
0.3 
V 


Input Voltage 
4.5V 
0.9 
0.9 
0.9 
V 


6.0V 
1.2 
1.2 
1.2 
V 


VOH 
Minimum 
High Level 
VIN=VIL 
Output Voltage 
Iiourl 
~ 20 IJoA 
2.0V 
2.0 
1.9 
1.9 
1.9 
V 


4.5V 
4.5 
4.4 
4.4 
4.4 
V 


6.0V 
6.0 
5.9 
5.9 
5.9 
V 


VIN=VIL 


IloUTI~4.0 
mA 
4.5V 
4.2 
3.98 
3.84 
3.7 
V 


Ilourl~5.2 
mA 
6.0V 
5.7 
5.48 
5.34 
5.2 
V 


VOL 
Maximum 
Low Level 
VIN=VIH 


Output 
Voltage 
IloUTI~20 
IJoA 
2.0V 
0 
0.1 
0.1 
0.1 
V 


4.5V 
0 
0.1 
0.1 
0.1 
V 


6.0V 
0 
0.1 
0.1 
0.1 
V 


VIN=VIH 


Ilourl~4.0mA 
4.5V 
0.2 
0.26 
0.33 
0.4 
V 


IloUTI~5.2 
mA 
6.0V 
0.2 
0.26 
0.33 
0.4 
V 


IIN 
Maximum 
Input 
VIN = Vee or GND 
6.0V 
±0.1 
±1.0 
±1.0 
IJoA 


Current 


Ice 
Maximum 
Quiescent 
VIN=VeeorGND 
6.0V 
2.0 
20 
40 
IJoA 


Supply Current 
lour=O 
IJoA 


Note 
1: Absolute 
Maximum 
Ratings are those values beyond which damage to the device may occur. 


Note 2: Unless otherwise 
specified 
all voltages 
are referenced 
to ground. 


Note 
3: Power Dissipation temperature 
derating 
- 
plastic "N" 
package: 
-12 
mWrc from 65°C to 85°C; ceramic "J" 
package: 
-12 
mWrC from 
100'C to 125·C. 


Note 4:.For a power supply of 5V ±10% the worst case outputvoltages (VOH.and You occur for HC at 4.5V.Thus the 4.5Vvaluesshouldbe used when 
designingwiththissupply.WorstcaseViHandVILoccurat Vee=5.5Vand4.5Vrespectively.(TheVIHvalueat 5.5Vis3.85V.)Theworstcaseleakagecurrent(IIN. 
Ice. and 10V occur for CMOSat the highervoltageand so the 6.0Vvaluesshouldbe used. 


AC Electrical Characteristics 


Vcc=5V, 
TA=25'C. 
CL =15 
pF, tr=tf=6 
ns 


Symbol 
Parameter 
Conditions 
Typ 
Guaranteed 
Units 
Limit 


tpHL, tpLH 
Maximum 
Propagation 
8 
15 
ns 


Delay 


AC Electrical Characteristics 


Vcc=2.0V 
to 6.0V, CL =50 
pF, tr=tf=6 
ns (unless 
otherwise 
specified) 


TA=25'C 
74HC 
54HC 


Symbol 
Parameter 
Conditions 
Vcc 
TA= 
-40to 
85'C 
TA = -55 
to 125'C 
Units 
Typ 
Guaranteed 
Limits 


tpHL, tpLH 
Maximum 
Propagation 
2.0V 
55 
86 
108 
129 
ns 


Delay 
4.5V 
11 
19 
24 
29 
ns 


6.0V 
9 
16 
20 
24 
ns 


tTLH, tTHL 
Maximum 
Output 
Rise 
2.0V 
30 
75 
95 
110 
ns 


and Fall Time 
4.5V 
8 
15 
19 
22 
ns 


6.0V 
7 
13 
16 
19 
ns 


CPO 
Power Dissipation 
(per gate) 
20 
pF 


Capacitance 
(Note 5) 


CIN 
Maximum 
Input 
5 
10 
10 
10 
pF 


Capacitance 


Note 
5: CPO determines 
the 
no 
load 
dynamic 
power 
consumption, 
PO=CPD Vcc2 
f+lcc 
Vcc. 
and the no load dynamic current 
consumption, 
Is=CPD Vcc f+ICC' 
Note 6: Referto Section1 for TypicalMM54174HCAC SwitchingWaveformsandTest Circuits. 
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semiconductor 


MM54HC08/MM74HC08 
Quad 2-lnput AND Gate 


General 
Description 


These 
AND gates utilize microCMOSTM 
Technology, 
3.5 mi- 


cron silicon 
gate P-well CMOS, 
to achieve 
operating 
speeds 
similar 
to LS-TIL 
gates with the low power 
consumption 
of 
standard 
CMOS 
integrated 
circuits. 
The HCOe has buffered 
outputs, 
providing 
high 
noise 
immunity 
and 
the 
ability 
to 
drive 10 LS-TIL 
loads. The 54HC/74HC 
logic family is func- 


tionally 
as well 
as 
pin-out 
compatible 
with 
the 
standard 


54LS/74LS 
logic family. 
All inputs 
are protected 
from 
dam- 


age due to static 
discharge 
by internal 
diode clamps 
to Vex 


and ground. 


Features 


• 
Typical 
propagation 
delay: 
7 ns (tpHLl, 12 ns (tpLH) 


• 
Fanout 
of 10 LS-TIL 
loads 


• 
Quiescent 
power 
consumption: 
2 ",A maximum 
at 


room temperature 


• 
Typical 
input current: 10-5 ",A 


MM54HC08/MM74HC08 


54HC08 
(J) 
. 74HC08 
(J,N) 


co 
0 
Absolute 
Maximum Ratings 
(Notes 
1 & 2} 
Operating 
Conditions 
0J: 
Supply Voltage(Vecl 
-0.5 
to + 7.0V 
Mln 
Max 
Units 
~ 
DC Input Voltage(VIN) 
-1.5toVcc+1.5V 
Supply Voltage(Vcc) 
2 
6 
V 
,..., 


DC Output 
Voltage(Vour) 
-0.5 
to Vee+ 
0.5V 
DC Input or Output Voltage 
0 
Vcc 
V 
:E 
:E 
Clamp Diode Current(lIK. 
10K) 
±20mA 
(VIN,Vour) 
.•..... 
DC Output Current, 
per pin(lour) 
±25mA 
Operating 
Temperature 
Range(T oN 
CO 
DC Vee or GND Current, 
per pin(lcc) 
±50mA 
MM74HC 
-40 
+85 
·C 
0 
Storage 
Temperature 
Range(T srG) 
- 65·C to + 150·C 
MM54HC 
-55 
+125 
·C 
0 
Power Dissipation(PD) 
(Note 3) 
500mW 
Input Rise or Fall Times 
J: 
~ 
Lead Temperature(Tu 
(Soldering 
10 seconds) 
260·C 
(t,..tt) 
Vcc=2.0V 
1000 
ns 
It) 
Vcc=4.5V 
500 
ns 
:E 
Vcc=6.0V 
400 
ns 
:E 
DC Electrical 
Characteristics 
(Note 
4) 


TA=25·C 
74HC 
54HC 


Symbol 
Parameter 
Conditions 
Vcc 
TA= 
-40 
to 85·C 
TA= 
-55 
to 125·C 
Units 
Typ 
Guaranteed 
Limits 


VIH 
Minimum 
High Level 
2.0V 
1.5 
1.5 
1.5 
V 


Input Voltage 
4.5V 
3.15 
3.15 
3.15 
V 


6.0V 
4.2 
4.2 
4.2 
V 


VIL 
Maximum 
Low Level 
2.0V 
0.3 
0.3 
0.3 
V 


Input Voltage 
4.5V 
0.9 
0.9 
0.9 
V 


6.0V 
1.2 
1.2 
1.2 
V 


VOH 
Minimum 
High Level 
VIN=VIH 
Output Voltage 
Ilourl~20 
/-LA 
2.0V 
2.0 
1.9 
1.9 
1.9 
V 


4.5V 
4.5 
4.4 
4.4 
4.4 
V 


6.0V 
6.0 
5.9 
5.9 
5.9 
V 


VIN=VIH 
IiOUTI~4.0 
mA 
4.5V 
4.2 
3.98 
3.84 
3.7 
V 


Ilourl~5.2 
mA 
6.0V 
5.7 
5.48 
5.34 
5.2 
V 


VOL 
Maximum 
Low Level 
VIN=VIH 
orVIL 
Output Voltage 
IloUTI~20 
/-LA 
2.0V 
0 
0.1 
0.1 
0.1 
V 


4.5V 
0 
0.1 
0.1 
0.1 
V 


6.0V 
0 
0.1 
0.1 
0.1 
V 


VIN=VIH 
orVIL 


liourl~4.0 
mA 
4.5V 
0.2 
0.26 
0.33 
0.4 
V 


liourl 
~ 5.2 mA 
6.0V 
0.2 
0.26 
0.33 
0.4 
V 


IIN 
Maximum 
Input 
VIN = Vee or GND 
6.0V 
±0.1 
±1.0 
±1.0 
/-LA 


Current 


Ice 
Maximum 
Quiescent 
VIN=VeeorGND 
6.0V 
2.0 
20 
40 
/-LA 


Supply Current 
lour=O 
/-LA 


Note 
1: Absolute 
MaxImum Ratings are those values beyond which damage to the device may occur. 


Note 2: Unless otherwise 
specified 
all voltages are referenced 
to ground. 


Note 
3: Power 
Dissipation 
temperature 
derating 
- 
plastic 
"N" 
package: 
-12 
mWrC 
from 
65°C 
to 85°C; 
ceramic 
"J" package: 
-12 
mWrC 
from 
1QOoe to 125°C 


Note 
4: For a power supply of 5V ±1G% 
the worst case output voltages 
(VOH, and VoU 
occur for HC at 4.5V. Thus the 4.5V values should be used when 


designing with this supply. Worst case V,H and V'L occur at VCC-5.5V 
and 4.5V respectively. 
(The VIH value at 5.5V is 3.85V.) The worst case leakage current (IIN' 
Ice. and lozJ occur for CMOS at the higher voltage 
and so the 6.GV values should be used. 


AC Electrical 
Characteristics 


Vcc=5V, 
TA=25'C, 
CL =15 
pF, t,=tf=6 
ns 


Symbol 
Parameter 
Conditions 
Typ 
Guaranteed 
Units 
Limit 


tpHL 
Maximum 
Propagation 
12 
20 
ns 


Delay, Output 
High to Low 
" 
\ 
. 


tpLH 
Maximum 
Propagation 
7 
15 
ns 


Delay, Output 
Low to High 


AC Electrical 
Characteristics 


Vcc=2.0V 
to 6.0V, CL =50 
pF, t,=tf=6 
ns (unless 
otherwise 
specified) 


TA=25'C 
74HC 
54HC 


Symbol 
Parameter 
Conditions 
Vcc 
TA= 
-40to 
85'C 
TA= 
-55 
to 125'C 
Units 
Typ 
Guaranteed 
Limits 


tpHL 
Maximum 
Propagation 
2.0V 
77 
121 
151 
175 
ns 


Delay Output 
High to Low 
4.5V 
15 
24 
30 
35 
ns 


MV 
13 
20 
25 
30 
ns 


tpLH 
Maximum 
Propagation 
2.0V 
30 
75 
95 
110 
ns 


Delay Output 
4.5V 
8 
15 
19 
22 
ns 


Low to High 
6.0V 
7 
13 
16 
19 
ns 


tTLH, tTHL 
Maximum 
Output 
Rise 
2.0V 
30 
75 
95 
110 
ns 


and FaUTIme 
4.5V 
8 
15 
19 
22 
ns 


6.0V 
7 
13 
16 
19 
ns 


CPO 
Power Dissipation 
(per gate) 
38 
pF 


Capacitance 
(Note 5) 


CIN 
Maximum 
Input 
4 
10 
10 
10 
pF 


Capacitance 


Note 
5: Cpo determines the no load dynamic power consumption, Po=CPQ vcc2 
f+lcc 
Vcc. and the no load dynamic current consumption. 


Is=CPO Vcc f+lcc· 


Note 8: Referto SectIon1 for TypicalMM54174HCAC SW~chingWaveformsand Test Circu~s. 


II?'A National 
~ 
semiconductor 


MM54HC10/MM74HC10 
Triple 3-lnput NAND Gate 


General 
Description 
These NAND gates utilize microCMOSTMTechnology. 3.5 
micron silicon gate P-well CMOS. to achieve operating 
speeds similar to LSTIL gates with the low power consump- 
tion of standard CMOS integrated circuits. All gates have 
buffered outputs. All devices have high noise immunity and 
the ability to drive 10 LSTIL loads. The 54HC174HC logic 
family is functionally as well as pin-out compatibl~ with the 
standard 54LS174LS logic family. All inputs are protected 
from damage due to static discharge by internal diode 
clamps to Vcc and ground. 


Features 
• 
Typical propagation delay: 8 ns 
• 
Wide power supply range: 2-6V 
• 
Low quiescent current: 20 /LA maximum (74HC series) 
• 
Low input current: 1 /LA maximum 
• 
Fanout of 10 LS-TIL loads 


MM54HC1 O/MM74HC1 
0 


54HC10 
(J) 
74HC10 
(J,N) 


Y=ABC 


TUF/5153-2 


Absolute Maximum Ratings (Notes 
1 & 2) 
Operating Conditions 
I 


Supply Voltage 
(Veel 
-0.5 
to + 7.0V 
Mln 
Max 
Units 


DC Input Voltage 
(VIN) 
-1.5 
to Vee+1.5V 
Supply Voltage(Vce) 
2 
6 
V 


DC Output Voltage 
(VOUT) 
-0.5 
to Vce+0.5V 
DC Input or Output Voltage 
0 
Vce 
V 


Clamp Diode Current 
(11K. 10K) 
±20mA 
(VIN,VOUT) 


DC Output 
Current, 
per pin (lOUT) 
±25mA 
Operating 
Temperature 
Range(T A) 


DC Vee or GND Current, 
per pin (Ieel 
±50mA 
MM74HC 
-40 
+85 
·C 


Storage 
Temperature 
Range (TSTG) 
-65·Cto 
+ 150·C 
MM54HC 
-55 
+125 
·C 


Power Dissipation 
(Po) (Note 3) 
500mW 
Input Rise or Fall Times 


Lead Temperature 
(T LJ (Soldering 
10 seconds) 
260·C 
(tr,tf) 
Vee=2.0V 
1000 
ns 


Vee=4.5V 
500 
ns 


Vee=6.0V 
400 
ns 


DC Electrical Characteristics 
(Note 
4) 


TA=25·C 
74HC 
54HC 


Symbol 
Parameter 
Conditions 
Vcc 
TA= 
-40 
to 85·C 
TA= 
-55 
to 125·C 
Units 
Typ 
Guaranteed 
Limits 


VIH 
Minimum 
High Level 
2.0V 
1.5 
1.5 
1.5 
V 


Input Voltage 
4.5V 
3.15 
3.15 
3.15 
V 


6.0V 
4.2 
4.2 
4.2 
V 


VIL 
Maximum 
Low Level 
2.0V 
0.3 
0.3 
0.3 
V 


Input Voltage 
4.5V 
0.9 
0.9 
0.9 
V 


6.0V 
1.2 
1.2 
1.2 
V 


VOH 
Minimum 
High Level 
VIN = VIH or VIL 
Output 
Voltage 
!loUTI:S;20/LA 
2.0V 
2.0 
1.9 
1.9 
1.9 
V 


4.5V 
4.5 
4.4 
4.4 
4.4 
V 


6.0V 
6.0 
5.9 
5.9 
5.9 
V 


VIN=VIHorVIL 


IIOUTI:S;4.0 mA 
4.5V 
4.2 
3.98 
3.84 
3.7 
V 


IIOUTI:S;5.2 mA 
6.0V 
5.7 
5.48 
5.34 
5.2 
V 


VOL 
Maximum 
Low Level 
VIN=VIH 
Output Voltage 
liouTI:S;20 
/LA 
2.0V 
0 
0.1 
0.1 
0.1 
V 


4.5V 
0 
0.1 
0.1 
0.1 
.v 


6.0V 
0 
0.1 
0.1 
0.1 
V 


VIN=VIH 
IIOUTI :S;4.0 mA 
4.5V 
0.2 
0.26 
0.33 
0.4 
V 


IIOUTI :s;5.2 mA 
6.0V 
0.2 
0.26 
0.33 
0.4 
V 


IIN 
Maximum 
Input 
VIN = Vee or GND 
6.0V 
±0.1 
±1.0 
±1.0 
/LA 


Current 


Ice 
Maximum 
Quiescent 
VIN=VceorGND 
6.0V 
2.0 
20 
40 
/LA 


Supply Current 
IOUT=O 
/LA 
. 


Note 1: Absolute 
Maximum 
Ratings are those values beyond which damage to the device may occur. 


Note 2: Unless otherwise 
specified all voltages are referenced 
to ground. 


Note 
3: Power Dissipation temperature 
derating - 
plastic 
"N" 
package: 
-12 
mwrc 
from 
65°C to 85°C; ceramic "J" package: 
-12 
mWrC from 


100·Cto 12S·C. 


Note 4: For a power supply of SV ±10% the worst case outputvoltages (VOH.and Vou occur for HC at 4.SV.Thusthe 4.SVvaluesshouldbe used when 
designingwiththissupply.WorstcaseVIHandV,Loccurat Vee~6.SV and4.SVrespectively.(TheV,HvalueatS.Sv is3.8SV.)Theworstcaseleakagecurrent(IIN. 
Ice. and 10zJ occur for CMOSat the highervoltageand so the 6.0Vvaluesshouldbe used. 


AC Electrical 
Characteristics 


Vcc=5V, 
TA=25'C, 
CL=15 pF, tr=tf=6 
ns 


Symbol 
Parameter 
Conditions 
Typ 
Guaranteed 
Units 
Limit 


tpHL,tpLH 
Maximum Propagation 
8 
15 
ns 
Delay 


AC Electrical 
Characteristics 


Vcc=2.0V 
to 6.0V, CL=50 pF, tr=tf=6 
ns (unless otherwise specified) 


TA=25'C 
74HC 
54HC 


Symbol 
Parameter 
Conditions 
Vcc 
TA= -40 to 85'C 
TA= -55 to 125'C 
Units 
Typ 
Guaranteed Limits 


tpHL,tpLH 
Maximum Propagation 
2.0V 
48 
90 
113 
134 
ns 
Delay 
4.5V 
10 
18 
23 
27 
ns 
6.0V 
8 
15 
19 
23 
ns 


tTLH,tTHL 
Maximum Output Rise 
2.0V 
30 
75 
95 
110 
ns 
and Fall Time 
4.5V 
8 
15 
19 
22 
ns 
6.0V 
7 
13 
16 
19 
ns 


CPO 
Power Dissipation 
(per gate) 
20 
pF 
Capacitance (Note 5) 


CIN 
Maximum Input 
5 
10 
10 
10 
pF 
Capacitance 


Note 
5: Cpo 
determines 
the 
no 
load 
dynamic 
powar 
consumption, 
Po~Cpo 
Vcc2 
f+ICC 
VCC. and 
the 
no 
load 
dynamic 
current 
consumption, 


15~CPO VCC f+ICC· 
Nole 8: Refer to Section 1 for Typical MM54/74HC 
AC Switching Wavaforms and Test Circuits. 


~National 
~ 
semiconductor 


MM54HC11/MM74HC11 
Triple 3-lnput AND Gate 


General 
Description 


These 
AND gates utilize microCMOSTM 
Technology, 
3.5 mi- 
cron silicon 
gate P-well CMOS, to achieve 
operating 
speeds 


similar to LS-TTL 
gates with the low power 
consumption 
of 
standard 
CMOS 
integrated 
circuits. 
All gates 
have buffered 
outputs, 
providin-g 
high 
noise 
immunity 
and 
the 
ability 
to 
drive 10 LS-TTL 
loads. The 54HC/74HC 
logic family is func- 


tionally 
as 
well 
as 
pin-out 
compatible 
with 
the 
standard 
54LS/74LS 
logic family. 
All inputs 
are protected 
from dam- 
age due to static discharge 
by internal 
diode clamps 
to Vcc 
and ground. 


Features 


• 
Typical 
propagation 
delay: 
12 ns 


• 
Wide 
power 
supply 
range: 2-6V 


• 
Low quiescent 
current: 
20 ,."A maximum 
(74HC 
series) 


• 
Low input current: 
1 ,."A maximum 


• 
Fanout 
of 10 LS-TTL 
loads 


2 
3 


81 
A2 


4 
5 


82 
C2 


Absolute Maximum Ratings 
(Notes 
1 & 2) 
Operating Conditions 


Supply Voltage 
(Vcel 
-0.5 
to +7.0V 
Mln 
Max 
Units 


DC Input Voltage 
(VIN) 
-1.5 
to Vcc+ 
1.5V 
Supply Voltage(Vcel 
2 
6 
V 


DC Output Voltage 
(Vour) 
-0.5 
to Vce+0.5V 
DC Input or Output Voltage 
0 
Vce 
V 


Clamp Diode Current 
(11K. 10K> 
±20mA 
(VIN.Vour) 


DC Output 
Current. 
per pin (lour) 
±25mA 
Operating 
Temperature 
Range(T Al 


DC Vcc or GND Current, 
per pin (Icel 
±50mA 
MM74HC 
-40 
+85 
·C 


Storage 
Temperature 
Range (T8m) 
-65·Cto 
+ 150·C 
MM54HC 
~55 
+125 
·C 


Power Dissipation 
(Po) (Note 3) 
500mW 
Input Rise or Fall Times 


Lead Temperature 
(TU (Soldering 
10 seconds) 
260·C 
(tr• tt> 
Vcc=2.0V 
1000 
ns 


Vcc=4.5V 
500 
ns 


Vcc=6.0V 
400 
ns 
DC Electrical Characteristics 
(Note 
4) 


TA=2S·C 
74HC 
S4HC 


Symbol 
Parameter 
Conditions 
Vcc 
TA = -40 
to 8S·C 
. TA= 
-SSto 
12S·C 
Units 
Typ 
Guaranteed 
Limits 


VIH 
Minimum 
High Level 
2.0V 
1.5 
1.5 
1.5 
V 


Input Voltage 
4.5V 
3.15 
3.15 
3.15 
V 


6.0V 
4.2 
4.2 
4.2 
V 


VIL 
Maximum 
Low Level 
2.0V 
0.3 
0.3 
0.3 
V 


Input Voltage 
4.5V 
0.9 
0.9 
0.9 
V 


6.0V 
1.2 
1.2 
1.2 
V 


VOH 
Minimum 
High Level 
VIN=VIH 
Output Voltage 
liourl';;20 
,...A 
2.0V 
2.0 
1.9 
1.9 
1.9 
V 


4.5V 
4.5 
4.4 
4.4 
4.4 
V 


6.0V 
6.0 
5.9 
5.9 
5.9 
V 


VIN=VIH 


liourl 
';;4.0 mA 
4.5V 
4.2 
3.98 
3.84 
3.7 
V 


liourl 
,;;5.2 mA 
6.0V 
5.7 
5.48 
5.34 
5.2 
V 


VOL 
Maximum 
Low Level 
VIN=VIH 
orVIL 
Output Voltage 
Ilourl';;20 
,...A 
2.0Y 
0 
0.1 
0.1 
0.1 
~V 


4.5V 
0 
0.1 
0.1 
0.1 
V 


6.0V 
0 
0.1 
0.1 
0.1 
V 


VIN = VIH or VIL 
Iiourl 
';;4.0 mA 
4.5V 
0.2 
0.26 
0.33 
0.4 
V 


Iiourl 
,;;5.2 mA 
6.0V 
0.2 
0.26 
0.33 
0.4 
V 


IIN 
Maximum 
Input 
VIN = Vcc or GND 
6.0V 
±0.1 
±1.0 
±1.0 
,...A 


Current 


Ice 
Maximum 
Quiescent 
VIN = Vcc or GND 
6.0V 
2.0 
20 
40 
,...A 


Supply Current 
lour=O 
,...A 


Note 1: Absolute 
Maximum 
Ratings are those values beyond which damage to the device may occur. 


Note 2: Unless otherwise 
specified all voltages 
are referenced 
to ground. 


Note 
3: Power 
Dissipation 
temperature 
derating 
- 
plastic 
"N" 
package: 
-12 
mWrC from 65°C to 85°C; ceramic 
"J" 
package: 
-12 
mWrC from 
100"Cto 125°C. 


Note 4: For a power supply of SV ±10% the worst case output voltages 
(VOH. and VoLl occur for HC at 4.SV.Thus tihe 4.SVvalues should be used when 
designing with this supply. Worst case VIH and VIL occur at Vcc=5.5V 
and 4.5V respectively. 
(The VIH value at 5.5V is 3.85V.) The worst case leakage current (tIN. 


Ice. and IOZ) occur for CMOSat the higher voltage and so the 6.0V vaiues shouid be used . 


. 


AC Electrical Characteristics 
Vcc=5V, 
TA=25'C, 
CL=15 pF, tr=tf=6 
ns 


Symbol 
Parameter 
Conditions 
Typ 
Guaranteed 
Units 
Limit 


tpHL.tpLH 
Maximum Propagation 
12 
20 
ns 


Delay 
'. 


AC Electrical Characteristics 


Vcc=2.0V 
to 6.0V, CL=50 pF, tr=tf=6 
ns (unless otherwise specified) 


74HC 
54HC 
. 


TA=25'C 
TA= -40 to 85'C 
TA= -55 to 125'C 
Symbol 
Parameter 
Conditions 
Vcc 
Units 


Typ 
Guaranteed Limits 


tPHL.tpLH 
Maximum Propagation 
2.0V 
48 
125 
156 
190 
ns 
Delay, Output High 
4.5V 
18 
25 
31 
38 
ns 
to Low 
6.0V 
15 
21 
27 
31 
ns 


tTLH,tTHL 
Maximum Output Rise 
2.0V 
30 
75 
95 
110 
ns 
and Fall;rime 
4.5V 
8 
15 
19 
22 
ns 


6.0V 
7 
13 
16 
·19 
ns 


CpO 
Power Dissipation 
(per gate), 
35 
pF 
Capacitance (Note 5) 


CIN 
Maximum Input 
5 
10 
10 
10 
pF 
Capacitance 


Note 
5: CPO determines 
the 
no load 
dynamic 
power 
consumption, 
PO=CPD 
vcc2 
f+lcc 
Vcc. 
and 
the 
no load 
dynamic 
current 
consumption, 


Is=CPDVccf+1cc, 


Note 
6: Refer to Section 1 for Typical MM54174 HC AC SWitching Waveforms 
and Test Circuits, 


~National 
~ 
semiconductor 


General 
Description 


The 
MM54HC14/MM74HC14 
utilizes 
microCMOSTM 
Tech- 
nology, 
3.5 micron 
silicon gate P-well CMOS, to achieve 
the 


low power 
dissipation 
and high noise 
immunity 
of standard 
CMOS, 
as well as the capability 
to drive 10 LS-TTL 
loads. 


The 54HC174HC 
logic family is functionally 
and pinout com- 
patible 
with the standard 
54LS174LS 
logic family. 
All inputs 
are protected 
from damage 
due to static discharge 
by inter- 


nal diode 
clamps 
to Vcc 
and ground. 


Features 


• 
Typical 
propagation 
delay: 
13 ns 


• 
Wide 
power 
supply 
range: 
2-6V 


• 
Low quiescent 
current: 
20 IJ-A maximum 
(74HC 
series) 


• 
Low input current: 
1 IJ-A maximum 


• 
Fanout 
of 10 LS·TTL 
loads 


• 
Typical 
hysteresis 
voltage: 
0.9V 


at Vcc=4.5V 


4 


A2 
Y2 


TOP VIEW 


MM54HC14/MM74HC14 


54HC14(J) 
74HC14(J,N) 


Absolute Maximum Ratings (Notes 
1 & 2) 
Operating Conditions 


Supply Voltage 
(Vce) 
-0.5 
to + 7.0V 
Mln 
Max 
Units 


DC Input Voltage 
(VIN) 
-1.5 
to Vee+1.5V 
Supply Voltage(Vecl 
2 
6 
V 


DC Output Voltage 
(VOUT) 
-0.510 
Vee + 0.5V 
DC Input or Output Voltage 
0 
Vee 
V 


Clamp Diode Current 
(11K, 10K) 
±20mA 
(VIN,VOUT) 


DC Output Current, 
per pin (lOUT) 
±25mA 
Operating 
Temperature 
Range(T Al 


DC Vce or GND Current, 
per pin (Ice) 
±50mA 
MM74HC 
-40 
+85 
·C 


Storage 
Temperature 
Range (TSTG) 
-65·Cto 
+150·C 
MM54HC 
-55 
+125 
·C 


Power Dissipation 
(Po) (Note 3) 
500mW 


Lead Temperature 
(Tu (Soldering 
10 seconds) 
260·C 


DC Electrical Characteristics 
(Note 
4) 


TA=25·C 
74HC 
54HC 


Symbol 
Parameter 
Conditions 
Vcc 
TA= 
-40 
to 85·C 
TA=-55to125·C 
Units 


Typ 
Guaranteed 
Limits 


VT+ 
Maximum 
Positive 
2.0V 
1.2 
1.5 
1.5 
1.5 
V 


Going Threshold 
Voltage 
4.5V 
2.7 
3.15 
3.15 
3.15 
V 


6.0V 
3.2 
4.2 
4.2 
4.2 
V 


VT- 
Minimum 
Negative 
2.0V 
0.7 
0.3 
0.3 
0.3 
V 


Going Threshold 
Voltage 
4.5V 
1.8 
0.9 
0.9 
0.9 
V 


6.0V 
2.2 
1.2 
1.2 
1.2 
V 


VH 
Hysterisis 
Voltage 
Min 
2.0V 
0.5 
0.2 
0.2 
0.2 
V 


4.5V 
0.9 
0.4 
0.4 
0.4 
V 


6.0V 
1.0 
0.6 
0.6 
0.6 
V 


Max 
2.0V 
0.5 
1.2 
1.2 
1.2 
V 


4.5V 
0.9 
2.25 
2.25 
2.25 
V 


6.0V 
1.0 
3.0 
3.0 
3.0 
V 


VOH 
Minimum 
High Level 
VIN=VIL 


Output Voltage 
IIOUTI:S;20 I'-A 
2.0V 
2.0 
1.9 
1.9 
1.9 
V 


4.5V 
4.5 
4.4 
4.4 
4.4 
V 


6.0V 
6.0 
5.9 
5.9 
5.9 
V 


VIN=VIL 
IIOUTI:S;4.0 mA 
4.5V 
4.2 
3.98 
3.84 
3.7 
V 


IIOUTI:S;5.2 mA 
6.0V 
5.7 
5.48 
5.34 
5.2 
V 


VOL 
Maximum 
Low Level 
VIN=VIH 


Output 
Voltage 
liouTI:S;20 
I'-A 
2.0V 
0 
0.1 
0.1 
0.1 
V 


4.5V 
0 
0.1 
0.1 
0.1 
V 


6.0V 
0 
0.1 
0.1 
0.1 
V 


VIN=VIH 
liouTI:S;4.0 
mA 
4.5V 
0.2 
0.26 
0.33 
0.4 
V 


IIOUTI :s;5.2 mA 
6.0V 
0.2 
0.26 
0.33 
0.4 
V 


IIN 
Maximum 
Input 
VIN=VeeorGND 
6.0V 
±0.1 
±1.0 
±1.0 
I'-A 
Current 


Ice 
Maximum 
Quiescent 
VIN=VeeorGND 
6.0V 
2.0 
20 
40 
I'-A 
Supply Current 
IOUT=O I'-A 


Note 
1: Absolute 
Maximum 
Ratings are those values beyond which damage to the device may occur. 


Note 2: Unless otherwise 
specified 
aU voltages 
are referenced 
to ground. 


Note 
3: Power 
Dissipation 
temperature 
derating 
- 
plastic 
"N" 
package: 
-12 
mwrc 
from 
65°C to 85°C; 
ceramic 
"J" 
package: 
-12 
mWrC 
from 
100·Cto 125·C. 


Note 
4: For a power supply of 5V ±10% 
the worst case output voltages 
(VOH. and VOu 
oqcur for He at 4.5V. Thus the 4.5V values should be used when 
designingwiththissupply.WorstcaseV,HandV'Loccurat Vcc~ 5.5Vand4.5Vrespectively.(TheV,Hvalueat 5.5Vis 3.B5V.)Theworstcaseleakagecurrent(IIN' 
Ice. and lov occur for CMOS at the higher voltage and so the 6.QV values should be used. 


AC Electrical Characteristics 
Vcc=2.0V 
to 6.0V, CL=50 
pF, tr=tf=6 
ns (unless otherwise specified) 


74HC 
54HC 
TA= 25°C 
TA= -40 to 85°C 
TA = -55 to 125°C 
Conditions 
Vcc 
Units 
Typ 
Guaranteed Limits 


60 
13 


11 


30 
8 
7 


27 


Symbol 


tpHL,tpLH 


Parameter 


Maximum Propagation Delay 


Maximum Propagation 
Delay 


Maximum Output Rise 
and Fall Time 


Power Dissipation 
Capacitance (Note 5) 


Maximum Input Capacitance 


2.0V 
4.5V 
6.0V 


2.0V 
4.5V 
6.0V 


Guaranteed Limit 


22 


Note 
5: CPO determines 
the 
no load dynamic 
power 
consumption, 
PO=CPD 
Vcc2 
f+ICC 
VCC. and the 
no 
load dynamic 
current 
consumption, 
Is=CPD 
Vcc 1+ Ice. 


Note 
6: Refer to Section 1 for Typical MM54/74 
HC AC Switching Waveforms 
and Test Circuits. 


Input Threshold, VT+. VT-. 
vs Power Supply Voltage 
4.0 
~ 
III 
3.0 
~ 
!il 
9 
2.0 
.. 
:z: 
!:! 
i= 
1.0 
...~ 
!; 
o 
2.0 
3.0 
4.0 
5.0 
6.0 


POWER SUPPlY VOLTAGE(V) 


TL/F/5105-3 


1,"'RCln 
VT+ 
V-T 


t2"'RC 
In VCC-VT- 


VCC-VT+ 


f'" 
1 
RC In VT+(VCC-VT-) 
VT-(VCC-VT+) 


Note: 
The eqllations 
assume t1 +t2»tpdO+tpd1 


156 
188 
ns 
31 
38 
ns 
26 
32 
ns 


95 
110 
ns 
19 
22 
ns 
16 
19 
ns 


pF 


10 
10 
pF 


Propagation Delay vs Power 
Supply 


I 
30 
~! 
20I 
IE 
10 


o 
2.0 
3.0 
4.0 
5.0 
6.0 


POWER SUPPlY VO~GE 
(V) 


v"m 


-t2- 


-11- 
o 
VOUT 
VI 
t 


~National 
~ 
semiconductor 


MM54HC20/MM74HC20 
Dual 4-lnput NAND Gate 


General 
Description 
These NAND gates utilize microCMOSTMTechnology, 3.5 
micron silicon gate P-Well CMOS, to achieve operating 
speeds similar to LSTIL gates with the low power consump- 
tion of standard CMOS integrated circuits. All gates have 
buffered outputs. All devices have high noise immunity and 
the ability to drive 10 LSTIL loads. The 54HC174HC logic 
family is functionally as well as pin-out compatible with the 
standard 54LS174LS logic family. All inputs are protected 
from damage due to static discharge by internal diode 
clamps to Vcc and ground. 


Features 


• 
Typical propagation delay: 12 ns 
• 
Wide power supply range: 2-6V 
• 
Low quiescent current: 20 I-'A maximum (74HC series) 


• 
Low input current: 1 I-'A maximum 
• 
Fanout of 10 LS-TIL loads 


C2 
NC 


12 


eND 


TUF/5299-1 


0 
N 
Absolute Maximum Ratings (Notes 
1 & 2) 
Operating Conditions 
0J: 
Supply Voltage 
(Vcel 
-0.5 
to + 7.0V 
Mln 
Max 
Units 


"'l:t 
DC Input Voltage 
(VIN) 
-1.5 
to Vcc+1.5V 
Supply Voltage(Vcel 
2 
6 
V 
•••••• 
DC Output 
Voltage 
(VOUT) 
-0.5 
to Vcc+ 
0.5V 
DC Input or Output Voltage 
0 
Vcc 
V 
:E 
:E 
Clamp Diode Current 
(11K.'oK> 
±20mA 
(VIN.VOUT) 


..••... 
DC Output Current. 
per pin (lOUT) 
±25mA 
Operating 
Temperature 
Range(T N 
0 
DC VCC or GND Current. 
per pin (Icel 
±50mA 
MM74HC 
-40 
+85 
'C 
N 
Storage 
Temperature 
Range (Tsm) 
-65'Cto 
+150'C 
MM54HC 
-55 
+125 
'C 
0J: 
Power Dissipation 
(PD) (Note 3) 
500mW 
Input Rise or Fall Times 


"'l:t 
Lead Temperature 
(T Ll (Soldering 
10 seconds) 
260'C 
(tr.tf) 
Vcc=2.0V 
1000 
ns 
it) 
Vcc=4.5V 
500 
ns 
:E 
Vcc=6.0V 
400 
ns 
:E 
DC Electrical Characteristics 
(Note 
4) 


TA=25'C 
74HC 
54HC 


Symbol 
Parameter 
Conditions 
Vcc 
TA= 
-40to 
85'C 
TA= 
-55 
to 125'C 
Units 
Typ 
Guaranteed 
Limits 


VIH 
Minimum 
High Level 
2.0V 
1.5 
1.5 
1.5 
V 


Input Voltage 
4.5V 
3.15 
3.15 
3.15 
V 


6.0V 
4.2 
4.2 
4.2 
V 


VIL 
Maximum 
Low Level 
2.0V 
0.3 
0.3 
0.3 
V 


Input Voltage 
4.5V 
0.9 
0.9 
0.9 
V 


6.0V 
1.2 
1.2 
1.2 
V 


VOH 
Minimum 
High Level 
VIN = VIH or VIL 
Output Voltage 
IIOUTI~20 
IJ-A 
2.0V 
2.0 
1.9 
1.9 
1.9 
V 


4.5V 
4.5 
4.4 
4.4 
4.4 
V 


6.0V 
6.0 
5.9 
5.9 
5.9 
V 


VIN = VIH or VIL 


Ii0UTI ~4.0 
mA 
4.5V 
4.2 
3.98 
3.84 
3.7 
V 


Ii0UTI ~ 5.2 mA 
6.0V 
5.7 
5.48 
5.34 
5.2 
V 


VOL 
Maximum 
Low Level 
VIN=VIH 
Output Voltage 
IIOUTI~20 
IJ-A 
2.0V 
0 
0.1 
0.1 
0.1 
V 


4.5V 
0 
0.1 
0.1 
0.1 
V 


6.0V 
0 
0.1 
0.1 
0.1 
V 


VIN=VIH 


IIOUTI ~4.0 
mA 
4.5V 
0.2 
0.26 
0.33 
0.4 
V 


IIOUTI~5.2mA 
6.0V 
0.2 
0.26 
0.33 
0.4 
V 


IIN 
Maximum 
Input 
VIN=VccorGND 
6.0V 
±0.1 
±1.0 
±1.0 
IJ-A 
Current 


Ice 
Maximum 
Quiescent 
VIN=VceorGND 
6.0V 
2.0 
20 
- 
40 
IJ-A 
Supply Current 
10UT=0 
IJ-A 


Note 
1: Absolute 
Maximum 
Ratings are those values beyond which damage 
to the device may occur. 


Note 2: Unless otherwise 
specified 
all voltages are referenced 
to ground. 


Note 
3: Power Dissipation temperature 
derating - 
plastic 
"N" 
package: 
-12 
mwrc 
from 65°C to 85°C; ceramic "J" package: 
-12 mwrc 
from 
, QO'G to , 25'G. 


Note 
4: For a power supply of 5V ±10% 
the worst case output voltages 
(VOH. and Vou 
occur for HC at 4.5V. Thus the 4.5V values should be used when 
designing wijh this supply. Worst case VIH and VIL occur at Vcc ~ 5.5V and 4.5V respectively. 
(The VIH value at 5.5V is 3.85V.) The worst case leakage current (I,N. 
Ice. and loz) occur for CMOS at the higher voltage and so the 6.0V values should be used. 


AC Electrical Characteristics 
Vcc=5V. 
TA=25°C, CL=15 pF. t,,=t,=6 
ns 


Symbol 
Parameter 
Conditions 
Typ 
Guaranteed 
Units 
Limit 


tpHL.tpLH 
Maximum Propagation 
6 
15 
ns 


Delay 


\ 


AC Electrical Characteristics 
Vcc=2.0V 
to 6.0V. CL=50 pF. t,,=t,=6 
ns (unless otherwise specified) 


TA=25°C 
74HC 
54HC 


Symbol 
Parameter 
Conditions 
Vcc 
TA= -40 to 85°C 
TA= -55 to 125"C 
Units 


Typ 
Guaranteed Limits 


tpHL.tpLH 
Maximum Propagation 
2.0V 
45 
90 
113 
134 
ns 
Delay 
4.5V 
9 
16 
23 
27 
ns 


6.0V 
6 
15 
19 
23 
ns 


tTLH.tTHL 
Maximum Output Rise 
2.0V 
30 
75 
95 
110 
ns 
and Fall Time 
4.5V 
6 
15 
19 
22 
ns 


6.0V 
7 
13 
16 
19 
ns 


CPD 
Power Dissipation 
(per gate) 
20 
pF 
Capacitance (Note 5) 


CIN 
Maximum Input 
5 
10 
10 
10 
pF 
Capacitance 


Note 
5: CPO determines 
the 
no 
load 
dynamic 
power 
consumption, 
PO=CPD 
Vcc2 
f+lcc 
VCC. and 
the 
no 
load 
dynamic 
current 
consumption, 
IS~CPD VCC 1+ Ice. 


Note 
6: Re'er to Section 1 for Typical 1.41.454/74HC AC Swaching Waveforms 
and Test Circuits. 


~National 
~ 
semiconductor 


MM54HC27/MM74HC27 
Triple 3-lnput NOR Gate 


General 
Description 


These 
NOR gates utilize microCMOSTM 
Technology, 
3.5 mi- 
cron silicon gate P-well CMOS, 
to achieve 
operating 
speeds 
similar 
to LS- TIL 
gates with the low power 
consumption 
of 
standard 
CMOS 
integrated 
circuits. 
All gates 
have buffered 
outputs, 
providing 
high 
noise 
immunity 
and 
the 
ability 
to 
drive 10 LS-TIL 
loads. The 54HC174HC 
logic family is func- 
tionally 
as 
well 
as 
pin-out 
compatible 
with 
the 
standard 
54LS/74LS 
logic family. 
All inputs 
are protected 
from dam- 
age due to static discharge 
by internal 
diode clamps 
to Vcc 
and ground. 


Features 


• 
Typical 
Propagation 
Delay: 
8 ns 


• 
Wide 
Operating 
Supply 
Voltage 
Range: 
'2-6V 


• 
Low Input Current: 
< 1 p.A 


• 
Low Quiescent 
Supply 
Current: 
40 p.A maximum 
(74HC 
series) 


• 
Fanout 
of 10 LS-TIL 
Loads 


Vcc 


14 


C1 


13 


1 
2 


A1 
81 
3 
4 


A2 
82 


C3 


11 


MM54HC27/MM74HC27 


54HC27 
(J) 
74HC27 
(J,N) 


Absolute Maximum Ratings 
(Notes 
1 & 2) 
Operating Conditions 


Supply Voltage 
(Veel 
-0.5 
to +7.0V 
Mln 
Max 
Units 


DC Input Voltage 
(VIN) 
-1.5 
to Vcc+1.5V 
Supply Voltage(Veel 
2 
6 
V 


DC Output Voltage 
(VOUT) 
-0.5 
to Vee+0.5V 
DC Input or Output Voltage 
0 
Vee 
V 


Clamp Diode Current 
(11K, 10K) 
±20mA 
(VIN,VOUT) 


DC Output Current, 
per pin (lOUT) 
±25mA 
Operating 
Temperature 
Range(T Al 


DC Vee or GND Current, 
per pin (leel 
±50mA 
MM74HC 
-40 
+85 
'c 


Storage 
Temperature 
Range.(T STG) 
-65'Cto 
+ 150'C 
MM54HC 
-55 
+125 
'c 


Power Dissipation 
(Po) (Note 3) 
500mW 
Input Rise or Fall Times 


Lead Temp.erature 
(TJ (Soldering 
10 seconds) 
260'C 
(tr,tll 
Vee=2.0V 
1000 
ns 


Vee=4.5V 
500 
ns 


Vcc=6.0V 
400 
ns 


DC Electrical Characteristics 
(Note 
4) 


TA=25'C 
74HC 
54HC 


Symbol 
Parameter 
Conditions 
Vcc 
TA= 
-40to 
85'C 
TA= 
-55 
to 125'C 
Units 


Typ 
Guaranteed 
Limits 


VIH 
Minimum 
High Level 
2.0V 
1.5 
1.5 
1.5 
V 


Input Voltage 
4.5V 
3.15 
3.15 
3.15 
V 


6.0V 
4.2 
4.2 
4.2 
V 


VIL 
Maximum 
Low Level 
2.0V 
0.3 
0.3 
0.3 
V 


Input Voltage 
4.5V 
0.9 
0.9 
0.9 
V 


6.0V 
1.2 
1.2 
1.2 
V 


VOH 
Minimum 
High Level 
VIN=VIL 


Output Voltage 
IiOUT!';;20 
j.LA 
2.0V 
2.0 
1.9 
1.9 
1.9 
V 


4.5V 
4.5 
4.4 
4.4 
4.4 
V 


6.0V 
6.0 
5.9 
5.9 
5.9 
V 


VIN=VIL 
IIOUTI ,;;4.0 mA 
4.5V 
4.2 
3.98 
, 
3.84 
3.7 
V 


IIOUTI';;5.2 
mA 
6.0V 
5.7 
5.48 
5.34 
5.2 
V 


VOL 
Maximum 
Low Level 
VIN = VIH or VIL 


Output Voltage 
IIOUTI';;20 
j.LA 
2.0V 
0 
0.1 
0.1 
0.1 
V 


4.5V 
0 
0.1 
0.1 
0.1 
V 


6.0V 
0 
0.1 
0.1 
0.1 
V 


VIN = VIH or VIL 
IIOUTI ,;;4.0 mA 
4.5V 
0.2 
0.26 
0.33 
0.4 
V 


IIOUTI';;5.2 
mA 
6.0V 
0.2 
0.26 
0.33 
0.4 
V 


IIN 
Maximum 
Input 
VIN = Vee or GND 
6.0V 
±0.1 
±1.0 
±1.0 
j.LA 


Current 


Ice 
Maximum 
Quiescent 
VIN=VeeorGND 
6.0V 
2.0 
20 
40 
j.LA 


t 
Supply Current 
IOUT=O 
j.LA 


Note 
1: Absolute 
Maximum 
Ratings are those values beyond which damage to the device may occur. 


Note 
2: Unless otherwise 
specifIed all voltages are referenced 
to ground. 


Nole 
3: Power 
Dissipation 
temperature 
derating 
- 
plastic 
"N" 
package: 
- 12 mWrc 
from 
65'C 
to 85'C; 
ceramic 
"J" 
package: 
-12 mwrc 
from 
100'C to 125'C. 


Nole 
4: For a power supply of 5V ±10% 
the worst case output voltages 
(VOH. and VOU occur for HC at 4.5V. Thus the 4.5V values should be used when 
designing wltlh t1hissupply. Worst case V,H and V,L occur at Vcc = 5.5V and 4.5V respectively. 
(The V,H value at 5.5V Is 3.85V.) The worst case leakage current (I'N. 


Ice. and 10V occur for CMOS at the higher voltage and so the 6.0V values should be used. 


AC Electrical 
Characteristics 


Vcc=5V. 
TA=25"C. 
CL =15 
pF. tr=tf=6 
ns 


Symbol 
Parameter 
Conditions 
Typ 
Guaranteed 
Units 
Limit 


tPHL. tpLH 
Maximum 
Propagation 
8 
15 
ns 


Delay 


AC Electrical Characteristics 


Vcc=2.0V 
to 6.0V. CL =50 
pF. t,.=tf=6 
ns (unless 
otherwise 
specified) 


TA=25"C 
74HC 
54HC 


Symbol 
Parameter 
Conditions 
Vcc 
TA= 
-40 
to 85"C 
TA= 
-55 
to 125"C 
Units 
Typ 
Guaranteed 
Limits 


tpHL. tpLH 
Maximum 
Propagation 
2.0V 
45 
90 
113 
134 
ns 


Delay 
4.5V 
9 
18 
23 
27 
ns 


6.0V 
8 
15 
19 
23 
ns 


tTLH. trHL 
Maximum 
Output 
Rise 
2.0V 
30 
75 
95 
110 
ns 


and Fall Time 
4.5V 
8 
15 
19 
22 
ns 


6.0V 
7 
13 
16 
19 
ns 


CPO 
Power Dissipation 
(per gate) 
36 
pF 


Capacitance 
(Note 5) 


CIN 
Maximum 
Input 
5 
10 
10 
10 
pF 


Capacitance 


Not. 
5: Cpo determines the no load dynamic power consumption, Po=Cpo 
Vcc2 f+ICC Vcc, and the no load dynamic current consumption, 
Is= Cpo Vcc 1+Ice· 
Not.8: 
Referto Section1 for TypicalMM54/74HCAC Swltcl1lngWaveformsandTest Circuits. 


. 


, 


~National 
~ 
semiconductor 


General 
Description 


This NAND gate utilizes 
microCMOSTM 
Technology. 
3.5 mi- 


cron silicon gate P-well CMOS. to achieve 
operating 
speeds 


similar 
to LSTIL 
gates with the low power 
consumption 
of 


standard 
CMOS 
integrated 
circuits. 
This 
device 
has 
high 
noise immunity 
and the ability to drive 10 LSTIL 
loads. The 


54HC/74HC 
logic 
family 
is functionally 
as well 
as pin-out 


compatible 
with 
the 
standard 
54LS174LS 
logic 
family. 
All 


inputs are protected 
from damage 
due to static discharge 
by 


internal 
diode 
clamps 
to Vcc and ground. 


Features 


• 
Typical 
propagation 
delay: 
20 ns 


• 
Wide 
power 
supply 
range: 2-6V 


• 
Low quiescent 
current: 
20 ",A maximum 
(74HC 
series) 


• 
Low input current: 
1 ",A maximum 


• 
Fanout 
of 10 LS-TIL 
loads 


MM54HC30/MM74HC30 


54HC30 
(J) 
74HC30 
(J,N) 


Absolute Maximum Ratings (Notes 
1 & 2) 
Operating Conditions 


Supply Voltage 
(Ved 
-0.5 
to + 7.0V 
Mln 
Max 
Units 


DC Input Voltage 
(VIN) 
-1.5 
to Vee+1.5V 
DC Supply Voltage(Ved 
2 
6 
V 


DC Output Voltage 
(VOUT) 
-0.5 
to Vce+0.5V 
DC Input or Output Voltage 


Clamp Diode Current 
(leD) 
±20mA 
(VIN,VOUT) 
0 
Vee 
V 


DC Output Current, 
per pin (lOUT) 
±25mA 
Operating 
Temperature 
Range (TAl 


DC Vce or GND Current, 
per pin (Ice) 
±50mA 
MM74HC 
-40 
+85 
'C 


Storage 
Temperature 
Range (T8TG) 
-65'Cto 
+ 150'C 
MM54HC 
-55 
+125 
'C 


Power Dissipation 
(Po) (Note 3) 
500mW 
Input Rise/Fall 
Times 


Lead Temperature 
(T Ll (Soldering, 
10 seconds) 
260'C 
(tr, tt> 
Vee=2.0V 
1000 
ns 


Vee=4.5V 
500 
ns 


Vee=6.0V 
400 
ns 
DC Electrical Characteristics 
(Note 
4) 


TA=25'C 
74HC 
54HC 


Symbol 
Parameter 
Conditions 
Vcc 
TA = -40 
to 85'C 
TA = -55 
to 12S'C 
Units 
Typ 
Guaranteed 
Limits 


VIH 
Minimum 
High Level Input 
2.0V 
1.5 
1.5 
1.5 
V 


Voltage 
4.5V 
3.15 
3.15 
3.15 
V 


6.0V 
4.2 
4.2 
4.2 
V 


VIL 
Maximum 
Low Level Input 
2.0V 
0.3 
0.3 
0.3 
V 


Voltage 
4.5V 
0.9 
0.9 
0.9 
V 


6.0V 
1.2 
1.2 
1.2 
V 


VOH 
Minimum 
High Level Output 
VIN=VIHorVIL 
Voltage 
IIOUTI~20 
p.A 
2.0V 
2.0 
1.9 
1.9 
1.9 
V 


4.5V 
4.5 
4.4 
4.4 
4.4 
V 


6.0V 
6.0 
5.9 
5.9 
5.9 
V 


VIN=VIH 
orVIL 


liouTI~4.0 
mA 
4.5V 
4.2 
3.98 
3.84 
3.7 
V 


IIOUTI~5.2 
mA 
6.0V 
5.7 
5.48 
5.34 
5.2 
V 


VOL 
Maximum 
Low Level Output 
VIN=VIH 
Voltage 
IIOUTI~20 
p.A 
2.0V 
0 
0.1 
0.1 
0.1 
V 


4.5V 
0 
0.1 
0.1 
0.1 
V 


6.0V 
0 
0.1 
0.1 
0.1 
V 


VIN=VIH 


IloUTI~4mA 
4.5V 
0.2 
0.26 
0.33 
0.4 
V 


IIOUTI~5.2 
mA 
6.0V 
0.2 
0.26 
0.4 
V 


IIN 
Maximum 
Input Current 
VIN = Vce or GND 
6.0V 
±0.1 
±1.0 
±1.0 
p.A 


Ice 
Maximum 
Quiescent 
Supply 
VIN = Vee or GND 
6.0V 
2.0 
20 
40 
p.A 


Current 
IOUT=O 
p.A 


Note 1: Maximum 
Ratings are those values beyond which damage to the device may occur. 


Note 2: Unless otherwise 
specified 
all voltages afe referenced 
to ground. 


Note 
3: Power Dissipation temperature 
derating - 
plastic "N" 
package: 
-12 
mwrc 
from 
65°C to 85°C; ceramic 
"J" 
package: 
-12 
mw,I'C 
from 


100'C to 125'C. 


Note 
4: For a power supply of 5V ± 10% the worst case output voltages 
(VOH. and You 
occur lor HC at 4.5V. Thus the 4.5V values should be used when 
designing with this supply. Worst case VIH and VIL occur at VcC=5.5V 
and 4.5V respectively. 
(The VIH value at 5.5V is 3.85V.) The worst case leakage current (IIN. 
Ice. and loZ> occur for CMOS at the higher voltage and so the 6.0V values should be used. 


0 


AC Electrical 
Characteristics 


Vcc=5V, 
TA=25°C, 
CL =15 
pF, tr=tf=6 
ns 


Symbol 
Parameter 
Conditions 
Typ 
Guaranteed 
Units 
Limit 


tpHL, tpLH 
Maximum 
Propagation 
Delay 
20 
30 
ns 


AC Electrical 
Characteristics 


Vcc=2.0V 
to 6.0V, CL =50 
pF, t,=tf=6 
ns (unless 
otherwise 
specified) 


TA=25°C 
74HC 
54HC 


Symbol 
Parameter 
Conditions 
Vcc 
TA= 
-40to 
85°C 
TA = -55 
to 125°C 
Units 


Typ 
Guaranteed 
Limits 


tpHL, tpLH 
Maximum 
Propagation 
2.0V 
66 
160 
190 
220 
ns 


Delay 
4.5V 
23 
35 
42 
49 
ns 


6.0V 
18 
30 
36 
42 
ns 


tTLH, tTHL 
Maximum 
Output 
2.0V 
30 
75 
95 
110 
ns 


Rise and Fall 
4.5V 
8 
15 
19 
22 
ns 


Time 
6.0V 
7 
13 
16 
19 
ns 


Cpo 
Power Dissipation 
34 
pF 


Capacitance 
(Note 5) 


CIN 
Maximum 
Input 
5 
10 
10 
10 
pF 


Capacitance 


Note 5: CPO determines the no load dynamic power consumption, Po~Cpo 
Vcc2 f+1cc 
Vcc, and the no load dynamic current consumption, 


Is=Cpo Vcc f+lcc· 
Note 6: Referto Section1 for Typical MM54/74HCAC SW~chingWaveformsandTest Circuits. 


. 


~National 
~ 
semiconductor 


MM54HC32/MM74HC32 
Quad 2-lnput OR Gate 


General Description 


These 
OR gates 
utilize 
microCMOSTM 
Technology, 
3.5 mi- 


cron silicon 
gate P-well CMOS, to achieve 
operating 
speeds 


similar to LS-TTL 
gates with the low power 
consumption 
of 


standard 
CMOS 
integrated 
circuits. 
All gates 
have buffered 


outputs, 
providing 
high 
noise 
immunity 
and 
the 
ability 
to 


drive 10 LS-TTL 
loads. The 54HC174HC 
logic family is func- 


tionally 
as 
well 
as 
pin-out 
compatible 
with 
the 
standard 


54LS/74LS 
logic family. 
All inputs 
are protected 
from dam- 


age due to static discharge 
by internal 
diode clamps 
to Vcc 


and ground. 


Features 


• 
Typical 
propagation 
delay: 
10 ns 


• 
Wide 
power 
supply 
range: 2-6V 


• 
Low quiescent 
current: 
20 ,..A maximum 
(74HC 
series) 


• 
Low input current: 
1 ,..A maximum 


• 
Fanout 
of 10 LS-TTL 
loads 


B3 


10 


7 


Y2 
GND 


M54HC32/MM74HC32 


54HC32 (J) 
74HC32 (J,N) 


Absolute Maximum Ratings (Notes 
1 & 2) 
Operating Conditions 


Supply Voltage 
(Vecl 
-0.5 
to +7.0V 
Mln 
Max 
Units 


DC Input Voltage 
(VIN) 
-1.5 
to Vcc+1.5V 
Supply Voltage(Vecl 
2 
6 
V 


DC Output Voltage 
(Vour) 
-0.5 
to Vee+0.5V 
DC Input or Output Voltage 
0 
Vee 
V 


Clamp Diode Current 
(11K. 10K) 
±20mA 
(VIN.Vour) 


DC Output 
Current. 
per pin (lour) 
±25mA 
Operating 
Temperature 
Range(T IV 
MM74HC 
-40 
+85 
·C 
DC Vcc or GND Current. 
per pin (lecl 
±50mA 
MM54HC 
-55 
+125 
·C 


Storage 
Temperature 
Range (T8TG) 
-65·C 
to + 150·C 
Input Rise or Fall Times 
Power Dissipation 
(Po) (Note 3) 
500mW 
(tr.tf) 
Vcc=2.0V 
1000 
ns 


Lead Temperature 
(Tu (Soldering 
10 seconds) 
260·C 
Vcc=4.5V 
500 
ns 


Vee=6.0V 
400 
ns 


DC Electrical Characteristics 
(Note 
4) 


TA=25°C 
74HC 
54HC 


Symbol 
Parameter 
Conditions 
Vcc 
TA=-40 
to 85·C 
TA = -55 
to 125°C 
Units 


Typ 
Guaranteed 
Limits 


VIH 
Minimum 
High Level 
2.0V 
1.5 
1.5 
1.5 
V 


Input Voltage 
4.5V 
3.15 
3.15 
3.15 
V 


6.0V 
4.2 
4.2 
4.2 
V 


VIL 
Maximum 
Low Level 
2.0V 
0.3 
0.3 
0.3 
V 


Input Voltage 
4.5V 
0.9 
0.9 
0.9 
V 


6.0V 
1.2 
1.2 
1.2 
V 


VOH 
Minimum 
High Level 
VIN = VIH or VIL 


Output 
Voltage 
Iiourl 
,;;20 JLA 
2.0V 
2.0 
1.9 
1.9 
1.9 
V 


4.5V 
4.5 
4.4 
4.4 
4.4 
V 


6.0V 
6.0 
5.9 
5.9 
5.9 
V 


VIN = VIH or VIL 
Iiourl 
,;;4.0 mA 
4.5V 
4.7 
3.98 
3.84 
3.7 
V 


Iiourl 
,;;5.2 mA 
6.0V 
5.2 
5.48 
5.34 
5.2 
V 


VOL 
Maximum 
Low Level 
VIN=VIL 
Output Voltage 
Ilourl';;20 
JLA 
2.0V 
0 
0.1 
0.1 
0.1 
V 


4.5V 
0 
0.1 
0.1 
0.1 
V 


6.0V 
0 
0.1 
0.1 
0.1 . 


V 


VIN=VIL 


Ilourl';;4.0 
mA 
4.5V 
0.2 
0.26 
0.33 
0.4 
V 


Houri,;; 
5.2 mA 
6.0V 
0.2 
0.26 
0.33 
0.4 
V 


IIN 
Maximum 
Input 
VIN=VeeorGND 
6.0V 
±0.1 
±1.0 
±1.0 
JLA 
Current 


Ice 
Maximum 
Quiescent 
VIN=VeeorGND 
6.0V 
2.0 
20 
40 
JLA 
Supply Current 
lour=O 
JLA 


Note 
1: Absolute 
Maximum 
Ratings are those values beyond which damage to the device may occur. 


Note 2: Unless otherwise 
specified all voltages are referenced 
to ground. 


Note 
3: Power 
Dissipation 
temperature 
derating 
- 
plastic 
"Nil 
package: 
-12 
mwrc 
from 
65°C 
to 85°C; 
ceramic 
"J" package: 
-12 
mWrC from 
100·Cto 125°C. 


Note 
4: For a power supply of 5V ±10% 
the worst case output voltages 
(VOH, and Vou occur for He at 4.5V. Thus the 4.5V values should be used when 
designing with this supply. Worst case VIH and VIL occur at Vcc= 
5.5V and 4.5V resPEtctively. (The VIH value at 5.5V is 3.85V.) The worst case leakage current (IIN. 


Ice. and lov occur for CMOSat the highervoltageand so the 6.QV valuesshouldbe used. 


AC Electrical Characteristics 


Vcc=5V, 
TA=25°C, 
CL =15 
pF, tr=t,=6 
ns 


Symbol 
Parameter 
Conditions 
Typ 
Guaranteed 
Units 
Limit 


tpHL, tpLH 
Maximum 
Propagation 
10 
18 
ns 


Delay 


AC Electrical Characteristics 


Vcc=2.0V 
to 6.0V, CL =50 
pF, tr=t,=6 
ns (unless 
otherwise 
specified) 
I 


TA=25°C 
74HC 
54HC 


Symbol 
Parameter 
Conditions 
Vcc 
TA= 
-40to 
85°C 
TA= 
-55 
to 125°C 
Units 
Typ 
Guaranteed 
Limits 


tpHL. tpLH 
Maximum 
Propagation 
2.0V 
30 
100 
125 
150 
ns 


Delay 
4.5V 
12 
20 
25 
30 
ns 


6.0V 
9 
17 
21 
25 
ns 


tTLH, tTHL 
Maximum 
Output 
Rise 
2.0V 
30 
75 
95 
110 
ns 


and Fall Time 
4.5V 
8 
15 
19 
22 
ns 


6.0V 
7 
13 
16 
19 
ns 


CPD 
Power Dissipation 
(per gate) 
50 
pF 


Capacitance 
(Note 5) 


CIN 
Maximum 
Input 
5 
10 
10 
10 
pF 


Capacitance 


Note 
5: CPD determines the no load dynamic power 
consumption, PO=CPD Vcc2 
f+lcc 
Vcc. 
and the no load dynamic 
current 
consumption, 
IS=CPDVcc f+lcC' 
Note 6: Referto Section1 for TypicalMM54174HCAC SwitchingWaveformsandTest Circuits. 


~National 
~ 
semiconductor 


General 
Description 
This decoder utilizes microCMOSTMTechnology, 3.5 micron 
silicon gate P·well CMOS. Data on the four input pins select 
one of the 10 outputs corresponding to the value of the BCD 
number on the inputs. An output will go low when selected, 
otherwise it remains high. If the input data is not a valid BCD 
number all outputs will remain high. The circuit has high 
noise immunity and low power consumption usually associ- 
ated with CMOS circuitry, yet also has speeds comparable 
to low power Schottky TIL (LS-TIL) circuits, and is capable 
of driving 10 LS-TIL equivalent loads. 
All inputs are protected from damage due to static dis- 
charge by diodes to Vcc and ground. 


Features 


• 
Typical propagation delay: 15 ns 
• 
Wide supply range: 2V-6V 
• 
Low quiescent current: 80 mA (74HC) 
• 
Fanout of 10 LS-TIL loads 


Connection 
Diagram 


Dual-in-line Package 


INPUTS 


118 
15 
14 
13 
12 
11 
10 
Q 


-<: 
0- 


1 
2 
3 
4 
5 
8 
7 
1 
8 


MM54HC42/MM74HC42 


54HC42(J) 
74HC42(J,N) 


No. 
Inputs 
Outputs 


D 
C 
B 
A 
0 
1 
2 
3 
4 
5 
6 
7 
8 
9 


0 
L 
L 
L 
L 
L 
H 
H 
H 
H 
H 
H 
H 
H 
H 
1 
L 
L 
L 
H 
H 
L 
H 
H 
H 
H 
H 
H 
H 
H 
2 
L 
L 
H 
L 
H 
H 
L 
H 
H 
H 
H 
H 
H 
H 
3 
L 
L 
H 
H 
H 
H 
H 
L 
H 
H 
H 
H 
H 
H 
4 
L 
H 
L 
L 
H 
H 
H 
H 
L 
H 
H 
H 
H 
H 


5 
L 
H 
L 
H 
H 
H 
H 
H 
H 
L 
H 
H 
H 
H 
6 
L 
H 
H 
L 
H 
H 
H 
H 
H 
H 
L 
H 
H 
H 
7 
L 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
L 
H 
H 


8 
H 
L 
L 
L 
H 
H 
H 
H 
H 
H 
H 
H 
L 
H 
9 
H 
L 
L 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
L 


H 
L 
H 
L 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
L 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 


INVALID 
H 
H 
L 
L 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
L 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
L 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 


Absolute Maximum Ratings (Notes 
1 & 2) 
Operating Conditions 


Supply Voltage 
(Ved 
-0.5 
to + 7.0V 
Mln 
Max 
Units 


DC Input Voltage 
(VIN) 
-1.5toVcc+1.5V 
Supply Voltage(Vcc) 
2 
6 
V 


DC Output Voltage 
(VOUT) 
-0.5 
to Vcc+ 
0.5V 
DC Input or Output Voltage 
0 
Vcc 
V 


Clamp 
Diode Current 
(11K. 10K) 
±20mA 
(VIN.VOUT) 


DC Output Current. 
per pin (lOUT) 
±25mA 
Operating 
Temperature 
Range(T A) 


DC Vee or GND Current. 
per pin (led 
±50mA 
MM74HC 
-40 
+85 
'C 


Storage 
Temperature 
Range (TSTG) 
-65'Cto 
+ 150'C 
MM54HC 
-55 
+125 
'C 


Power Dissipation 
(Po) (Note 3) 
500mW 
Input Rise or Fall Times 


Lead Temperature 
(TU (Soldering 
10 seconds) 
260'C 
(tr• tf) 
Vee=2.0V 
1000 
ns 


Vcc=4.5V 
500 
ns 


Vee=6.0V 
400 
ns 
DC Electrical Characteristics 
(Note 
4) 


TA=25'C 
74HC 
54HC 


Symbol 
Parameter 
Conditions 
Vcc 
TA = -40 
to 85'C 
TA = -55 
to 125'C 
Units 
Typ 
Guaranteed 
Limits 


VIH 
Minimum 
High Level 
·2.0V 
1.5 
1.5 
1.5 
V 


Input Voltage 
4.5V 
3.15 
3.15 
3.15 
V 


6.0V 
4.2 
4.2 
4.2 
V 


Vil 
Maximum 
Low Level 
2.0V 
0.3 
0.3 
0.3 
V 


Input Voltage 
4.5V 
0.9 
0.9 
0.9 
V 


6.0V 
1.2 
1.2 
1.2 
V 


VOH 
Minimum 
High Level 
VIN = VIH or Vil 
Output Voltage 
liouTI!:20 
IJ-A 
2.0V 
2.0 
1.9 
1.9 
1.9 
V 


4.5V 
4.5 
4.4 
4.4 
4.4 
V 


6.0V 
6.0 
5.9 
5.9 
5.9 
V 


VIN = VIH or Vil 


IIOUTI!:4.0 
mA 
4.5V 
4.2 
3.98 
3.84 
3.7 
V 


IIOUTI !: 5.2 mA 
6.0V 
5.7 
5.48 
5.34 
5.2 
V 


Val 
Minimum 
Low Level 
VIN = VIH or Vil 
Output Voltage 
IIOUTI !:20 
IJ-A 
2.0V 
0 
0.1 
0.1 
0.1 
V 


4.5V 
0 
0.1 
0.1 
0.1 
V 


6.0V 
0 
0.1 
0.1 
0.1 
V 


VIN = VIH or Vil 


IIOUTI !:4.0 
mA 
4.5V 
0.2 
0.26 
0.33 
0.4 
V 


IIOUTI!:5.2 
mA 
6.0V 
0.2 
0.26 
0.33 
0.4 
V 


IIN 
Maximum 
Input 
VIN=VCCorGND 
6.0V 
±0.1 
±1.0 
±1.0 
IJ-A 


Current 


Ice 
Maximum 
Quiescent 
VIN=VccorGND 
6.0V 
8.0 
80 
160 
IJ-A 
Supply Current 
IOUT=OIJ-A 


Note 
1: Absolute 
Maximum 
Ratings are those values beyond which damage 
to the device may occur. 


Note 
2: Unless otherwise 
specified 
all voltages are referenced 
to ground. 


Note 
3: Power Dissipation temperature 
derating - 
plastic 
"N" 
package: 
-12 mwrc 
from 65°C to 85°C; ceramic 
"J" 
package: -12 mWrC from 


, OO'C to 125·C. 


Note 4: For a power supply of 5V ±10% 
the worst case outputvoltages (VOH. and You occur for HC at 4.5V. Thusthe 4.5V valuesshould be used when 


designingwiththissupply.WorstcaseV,H andV,L occurat Vee = 5.5V and4.5V respectively.(TheVIH valueat 5.5V is 3.85V.) Theworstcaseleakagecurrent(IIN. 
Ice. and loz) occur for CMOS at the highervoltageand so the 6.0V valuesshouldbe used. 


AC Electrical 
Characteristics 


Vcc=5V, 
TA=25°C. 
CL =15 
pF, tr=tf=6 
ns 


Symbol 
Parameter 
Conditions 
Typ 
Guaranteed 
Units 
Umlt 


tpHL. tpLH 
Maximum 
Propagation 
15 
25 
ns 


Delay 
. 


AC Electrical 
Characteristics 


Vcc=2.0V 
to 6.0V. CL =50 
pF,t,=tf=6 
ns (unless 
otherwise 
specified) 


TA=25°C 
74HC 
54HC 


Symbol 
Parameter 
Conditions 
VCC 
TA= 
-40 
to 85°C 
TA= 
-55 
to 125"C 
Units 


Typ 
Guaranteed 
Limits 
.\ 


tpHL, tPLH 
Maximum 
Propagation 
2.0V 
75 
150 
189 
224 
ns 


Delay 
4.5V 
17 
30 
38 
45 
ns 


6.0V 
15 
26 
32 
38 
ns 


tTLH, tTHL 
Maximum 
Output 
Rise 
2.0V 
30 
75 
95 
110 
ns 


and Fall Time 
4.5V 
8 
15 
19 
22 
ns 


6.0V 
7 
13 
16 
19 
ns 


CPO 
Power Dissipation 
(per gate) 
pF 


Capacitance 
(Note 5) 


CIN 
Maximum 
Input 
5 
10 
10 
10 
pF 


Capacitance 


Note 
5: CPO determines tile no load dynamic power consumption, Po=Cpo 
Vcc2 f+1cc 
Vcc. and tile no load dynamic current consumption. 


Is~Cpo Vcc 1+lcc· 


Note S: Referto S&ction1 lor Typical MMS4174HCAC SW~chlngWaveformsand Test Circuits. 


\ 


, 


~National 
~ 
semiconductor 


MM54HC51/MM74HC51 
Dual AND-OR-Invert 
Gate 
MM54HC58/MM74HC58 
Dual AND-OR Gate 


General 
Description 


These 
gates 
utilize 
microCMOSTM 
Technology, 
3.5 micron 
silicon gate P-well CMOS, to achieve 
operating 
speeds 
simi- 
lar to LS-TTL gates with the low power consumption 
of stan- 


dard CMOS 
integrated 
circuits. 
All gates 
have buffered 
out- 
puts, 
providing 
high noise 
immunity 
and the ability 
to drive 
10 LS-TTL 
loads. The 54HC174HC 
logic family is functional- 
ly as well 
as pin-out 
compatible 
with 
the 
standard 
54LSI 
74LS logic family. All inputs are protected 
from damage 
due 
to 
static 
discharge 
by internal 
diode 
clamps 
to 
Vcc 
and 
ground. 


Features 


• 
Typical 
propagation 
delay: 
10 ns 


• 
Wide 
power 
supply 
range: 2-6V 


• 
Low quiescent 
supply 
current: 
20 ,..A maximum 
(74 series) 
74HC 


• 
Low input current: 
1 ,..A maximum 


• 
High output 
current: 
4 mA minimum 


MM54HC51/MM74HC51 


54HC51 (J) 
74HC51 (J,N) 


B2 
02 
02 
Y2 
GNO 


TUF/5302-2 


MM54HC58/MM74HC58 


54HC58 (J) 
74HC58 (J,N) 


Absolute Maximum Ratings (Notes 
1 & 2) 
Operating Conditions 


Supply Voltage 
(Vce) 
-0.5 
to +7.0V 
Mln 
Max 
Units 


DC Input Voltage 
(VIN) 
-1.5toVcc+1.5V 
Supply Voltage(Vce) 
2 
6 
V 


DC Output Voltage 
(VOUT) 
-0.5 
to Vcc+0.5V 
DC Input or Output Voltage 
0 
Vcc 
V 


Clamp Diode Current 
(11K, 10K) 
±20mA 
(VIN.VOUT) 


DC Output 
Current, 
per pin (lOUT) 
±25mA 
Operating 
Temperature 
Range(T Al 


DC Vce or GND Current, 
per pin (Ice) 
±50mA 
MM74HC 
-40 
+85 
'C 


Storage 
Temperature 
Range (TSTG) 
-65'Cto 
+150'C 
MM54HC 
-55 
+125 
'C 


Power Dissipation 
(Po) (Note 3) 
500mW 
Input Rise or Fall Times 


Lead Temperature 
(T L.l (Soldering 
10 seconds) 
260'C 
(t,., tf) 
Vce=2.0V 
1000 
ns 


Vce=4.5V 
500 
ns 


Vce=6.0V 
400 
ns 


DC Electrical Characteristics 
(Note 
4) 


TA=25'C 
74HC 
54HC 


Symbol 
Parameter 
Conditions 
Vcc 
TA = -40 
to 85'C 
TA= 
-55 
to 125'C 
Units 
Typ 
Guaranteed 
Limits 


VIH 
Minimum 
High Level 
2.0V 
1.5 
1.5 
1.5 
V 
I 


Input Voltage 
4.5V 
3.15 
3.15 
3.15 
V 


6.0V 
4.2 
4.2 
4.2 
V 


VIL 
Maximum 
Low Level 
2.0V 
0.3 
0'.3 
0.3 
V 


Input Voltage 
4.5V 
0.9 
0.9 
0.9 
V 


6.0V 
1.2 
1.2 
1.2 
V 


VOH 
Minimum 
High Level 
VIN = VIH or VIL 


Output Voltage 
Ilourl';;20 
",A 
2.0V 
2.0 
1.9 
1.9 
1.9 
V 


4.5V 
4.5 
4.4 
4.4 
4.4 
V 


6.0V 
6.0 
5.9 
5.9 
5.9 
V 


VIN = VIH or VIL 
liouTI ';;4.0 mA 
4.5V 
4.2 
3.98. 
3.84 
3.7 
V 


liouTI ,;;5.2 mA 
6.0V 
5.7 
5.48 
5.34 
5.2 
V 


VOL 
Maximum 
Low level 
VIN = VIH or VIL 


Output Voltage 
IIOUTI';;20 
",A 
2.0V 
0 
0.1 
0.1 
0.1 
V 


4.5V 
0 
0.1 
0.1 
0.1 
V 


6.0V 
0 
0.1 
0.1 
0.1 
V 


VIN = VIH or VIL 


IIOUTI';;4.0 
mA 
4.5V 
0.2 
0.26 
0.33 
0.4 
V 


IIOUTI,;; 5.2 mA 
6.0V 
0.2 
0.26 
0.33 
0.4 
V 


IIN 
Maximum 
Input 
VIN = Vcc or GND 
6.0V 
±0.1 
±1.0 
±1.0 
",A 
Current 


Ice 
Maximum 
Quiescent 
VIN=VceorGND 
6.0V 
2.0 
20 
40 
",A 
Supply Current 
IOUT=O ",A 


Note 1: Absolute 
Maximum 
Ratings are those values beyond which damage to the device may occur. 


Note 2: Unl(Jss otherwise 
specified all voltages 
are referenced 
to ground. 


Note 3: Power Dissipationtemperature derating - 
plastic "N" 
package: -12 
mWrC from 6S"C to 8S"C; ceramic "J" package: -12 mWrC from 
l00"C to 12S·C. 


Note 4: For a power supply of SV ±10% 
the worst case outputvoltages(VOH. and VoLl occur for HC at 4.SV. Thusthe 4.SV valuesshouldbe used when 
designing witt! this supply. Worst case VIH and VIL occur at Vcc=5.5V 
and 4.5V respectively. 
(The V1Hvalue at 5.5V is 3.85V.) The worst case leakage current (IIN. 


Ice. and IOZ) occur for CMOS at the highervoltageand so the 6.0V valuesshouldbe used. 


. 


AC Electrical 
Characteristics 


Vcc=5V, 
TA=25'C. 
CL=15 pF.Ir=tf=6 
ns 


Symbol 
Parameter 
Conditions 
Typ 
Guaranteed 
Units 
Limit 


tpHL.tpLH 
Maximum Propagation 
10 
20 
ns 
Delay 


AC Electrical Characteristics 


Vcc=2.0V 
to 6.0V. CL=50 pF. tr=tf=6 
ns (unless otherwise specified) 


TA=25'C 
74HC 
54HC 


Symbol 
Parameter 
Conditions 
Vcc 
TA= -40 to 85'C 
TA= -55 to 125'C 
Units 
Typ 
Guaranteed Limits 


tpHL,tpLH 
Maximum Propagation 
2.0V 
63 
125 
158 
186 
ns 


Delay 
4.5V 
13 
25 
32 
37 
ns 


6.0V 
11 
21 
27 
32 
ns 


tTLH.tTHL 
Maximum Output Rise 
2.0V 
30 
75 
95 
110 
ns 
and Fall Time 
4.5V 
8 
15 
19 
22 
ns 


6.0V 
7 
13 
16 
19 
ns 


CPD 
Power Dissipation 
(per AND-DR-Gate) 
20 
pF 


Capacitance (Note 5) 


CIN 
Maximum Input 
5 
10 
10 
10 
pF 
Capacitance 


Note 
5: CPO determines 
the 
no 
load 
dynamic 
power 
consumption, 
Po= CPO Vee2 1+ Ice Vee. and 
the 
no 
load 
dynamic 
current 
consumption, 
Is = Cpo Vee 1+ Ice· 


Note 
8: Refer to Section 1 for Typical MM54174HC 
AC Switching Waveforms 
and Test Circuits. 


, 


~National 
~ 
semiconductor 


General Description 
These J-K Flip-Flops utilize microCMOSTMTechnology, 3.5 
micron silicon gate P-well CMOS. They possess the high 
noise immunity and low power dissipation of standard 
CMOS integrated circuits. These devices can drive 10 LS- 
TIL loads. 
These flip-flops are edge sensitive to the clock input and 
change state on the negative going transition of the clock 
pulse. Each one has independent, J, K, CLOCK. and 
CLEAR inputs and 0 and 0 outputs. CLEAR is independent 
of the clock and accomplished by a low level on the input. 
The 54HC/74HC logic family is functionally as well as pin- 
out compatible with the standard 54LS/74LS logic family. 


J2 


TUF/5072-1 


MM54HC73/MM74HC73 


54HC73 (J) 
74HC73 (J,N) 


All inputs are protected from damage due to static dis- 
charge by internal diode clamps to Vcc and ground. 


Features 


• 
Typical propagation delay: 16 ns 
• 
Wide operating voltage range: 2-6V 
• 
Low input current: 1 /LA maximum 
• 
Low quiescent current: 40 /LA (74HC series) 
• 
High output drive: 10 LS-TIL loads 


Inputs 
Outputs 


ClR 
ClK 
J 
K 
Q 
Q 


L 
X 
X 
X 
L 
H 
H 
t 
L 
L 
00 
00 
H 
t 
H 
L 
H 
L 
H 
t 
L 
H 
L 
H 
H 
t 
H 
H 
TOGGLE 
H 
H 
X 
X 
00 
00 


fYHG 
& 
CL 
T 
T 


TL/F/5304-3 


Absolute Maximum Ratings (Notes 
1 & 2) 
Operating Conditions 


Supply Voltage 
(Vccl 
-0.5 
to +7.0V 
Mln 
Max 
Units 


DC Input Voltage 
(VIN) 
-1.5toVcc+1.5V 
Supply Voltage(Vccl 
2 
6 
V 


DC Output Voltage 
(VOUT) 
-0.5 
to Vee+0.5V 
DC Input or Output Voltage 
0 
Vee 
V 


Clamp Diode Current 
(11K. 10K) 
±20mA 
(VIN,VOUT) 


DC Output Current, 
per pin (lOUT) 
±25mA 
Operating 
Temperature 
Range(T A) 


DC Vee or GND Current, 
per pin (Iecl 
I 
±50 
mj>. 
MM74HC 
-40 
+85 
'C 


Storage 
Temperature 
Range (TSTG) 
-65'Cto 
+ 150'C 
MM54HC 
-55 
+125 
'C 


Power Dissipation 
(PD) (Note 3) 
500mW 
Input Rise or Fall Times 


Lead Temperature 
(TLJ (Soldering 
10 seconds) 
260'C 
(tr, tt> 
Vee=2.0V 
1000 
ns 


Vee=4.5V 
500 
ns 


VCC=6.0V 
400 
ns 
DC Electrical Characteristics 
(Note 
4) 


TA=25'C 
74HC 
54HC 


Symbol 
Parameter 
Conditions 
Vcc 
TA=-40t085'C 
TA = -55 
to 125'C 
Units 
Typ 
Guaranteed 
Limits 


VIH 
Minimum 
High Level 
2.0V 
1.5 
1.5 
1.5 
V 


Input Voltage 
4.5V 
3.15 
3.15 
3.15 
V 


6.0V 
4.2 
4.2 
4.2 
V 


VIL 
Maximum 
Low Level 
2.0V 
0.3 
0.3 
0.3 
V 


Input Voltage 
4.5V 
0.9 
0.9 
0.9 
V 


6.0V 
1.2 
1.2 
1.2 
V 


VOH 
Minimum 
High Level 
VIN = VIH or VIL 
Output Voltage 
IiOUTI,;;20 
".A 
2.0V 
2.0 
1.9 
1.9 
1.9 
V 


4.5V 
4.5 
4.4 
4.4 
4.4 
V 


6.0V 
6.0 
5.9 
5.9 
5.9 
V 


VIN = VIH or VIL 
IiOUTI';;4.0 
mA 
4.5V 
4.2 
3.98 
3.84 
3.7 
V 


liouTI ,;;5.2 mA 
6.0V 
5.7 
5.48 
5.34 
5.2 
V 


VOL 
Maximum 
Low Level 
VIN = VIH or VIL 
Output Voltage 
IiOUTI';;20 
".A 
2.0V 
0 
0.1 
0.1 
0.1 
V 


4.5V 
0 
0.1 
0.1 
0.1 
V 


6.0V 
0 
0.1 
0.1 
0.1 ' 
V 


VIN = VIH or VIL 


IIOUTI';;4.0 
mA 
4.5V 
0.2 
0.26 
0.33 
0.4 
V 


IIOUTI';;5.2 
mA 
6.0V 
0.2 
0.26 
0.33 
0.4 
V 


IIN 
Maximum 
Input 
VIN=VeeorGND 
6.0V 
±0.1 
±1.0 
±1.0 
".A 
Current 


Ice 
Maximum 
Quiescent 
VIN=VeeorGND 
6.0V 
4.0 
40 
80 
".A 
Supply Current 
IOUT=O 
".A 


Note 
1: Absolute 
Maximum 
Ratings are those values beyond which damage to the device may occur. 


Note 
2: Unless otherwise 
specified all voltages are referenced 
to ground. 


Note 
3: Power Dissipation temperature 
derating - 
plastic "N" 
package: 
-12 
mwrc 
from 65°C to 85°C; ceramic "J" package: 
-12 
mWI'C from 


1QO'Cto 125'C. 


Nole 4: For a power supply of 5V ±10% the worst case outputvoltages (VOH, and Vou occur for HC at 4.5V.Thusthe 4.5V valuesshouldbe used when 
designing with this supply. Worst case VIH and VIL occur at Vcc=5.5V 
and 4.5V respectively. 
(The VrH value at 5.5V Is 3.85V.) The worst case leakage current (JIN, 
Ice. and 10zJ occur for CMOSat the highervoltageand so the 6.0Vvaluesshouldbe used. 


AC Electrical Characteristics 
Vcc=5V, 
TA=25'C, 
CL =15 
pF, tr=tf=6 
ns 


Symbol 
Parameter 
Conditions 
Typ 
Guaranteed 
Limit 
Units 


fMAX 
Maximum 
Operating 
50 
30 
MHz 


Frequency 


tpHL, tpLH 
Maximum 
Propagation 
16 
21 
ns 


Delay Clock to Q or Q 


tpHL, tpLH 
Maximum 
Propagation 
21 
26 
ns 


Delay Clear to Q or Q 


tREM 
Minimum 
Removal 
Time, 
10 
20 
ns 


Clear to Clock 


ts 
Minimum 
Set Up Time, 
14 . 
20 
ns 
J or K to Clock 


tH 
Minimum 
Hold Time 


,. 


-3 
. 
0 
ns 
J or K to Clock 


tw 
Minimum 
Pulse Width, 
10 
16 
ns 
Clock or Clear 


AC Electrical Characteristics 
CL =50 
pF, tr=tf=6 
ns 
(unless 
otherwise 
specified) 


TA=25'C 
74HC 
54HC 


Symbol 
Parameter 
Conditions 
Vcc 
TA= 
-40to 
85'C 
TA = -55 
to 125'C 
Units 


Typ 
Guaranteed 
Limits 


fMAX 
Maximum 
Operating 
2.0V 
9 
5 
4 
3 
MHz 
Frequency 
4.5V 
45 
27 
21 
18 
MHz 


6.0V 
53 
32 
25 
21 
MHz 


tpHL, tpLH 
Maximum 
Propagation 
2.0V 
100 
126 
160 
185 
ns 
Delay Clock to Q or Q 
4.5V 
20 
25 
32 
37 
ns 


6.0V 
17 
21 
27 
32 
ns 


tpHL, tpLH 
Maximum 
Propagation 
2.0V 
126 
155 
194 
250 
ns 
Delay Clear to Q or Q 
4.5V 
25 
31 
39 
47 
ns 


6.0V 
21 
26 
32 
40 
ns 


tREM 
Minimum 
Removal 
Time 
2.0V 
55 
100 
125 
150 
ns 
Clear to Clock 
4.5V 
11 
20 
25 
30 
ns 


6.0V 
9 
17 
21 
25 
ns 


ts 
Minimum 
Set Up Time 
2.0V 
77 
100 
125 
150 
ns 
J or K to Clock 
4.5V 
15.4 
20 
25 
30 
ns 


6.0V 
13 
17 
21 
25 
ns 


tH 
Minimum 
Hold Time 
2.0V 
-3 
0 
0 
0 
ns 
J or K from Clock 
4.5V 
-3 
0 
0 
0 
ns 


6.0V 
-3 
0 
0 
0 
ns 


tw 
Minimum 
Pulse Width 
2.0V 
55 
80 
100 
120 
ns 
Clock or Clear 
4.5V 
11 
16 
20 
24 
ns 


6.0V 
9 
14 
18 
21 
ns 


tTLH, tTHL 
Maximum 
Output 
Rise 
2.0V 
30 
75 
95 
110 
ns 
and Fall Time 
4.5V 
8 
15 
19 
22 
ns 


6.0V 
7 
13 
16 
19 
ns 


tr, tf 
Maximum 
Input Rise and 
2.0V 
1000 
1000 
1000 
ns 
Fall Time 
4.5V 
500 
500 
500 
ns 


6.0V 
400 
400 
400 
ns 


CPO 
Power Dissipation 
(per flip-flop) 
80 
pF 
Capacitance 
(Note 5) 


CIN 
Maximum 
Input 
5 
10 
10 
10 
pF 
Capacitance 


Note 
5: Cpo 
determines 
the 
no load 
dynamic 
power 
consumption, 
PO=CPD 
vcc2 
f+1CC Vcc. 
and the 
no load 
dynamic 
current 
consumption, 
Is~CPD Vcc 1+ Ice. 


Note 6: Ref~r to Section 1 for Typical MM54174HC 
AC Switching Waveforms 
and Test Circuits. 


RESET 
~ 
~ 
~ 


-Q 
CLEAR 
J - 
~Q 
CLEAR 
J ••.•• 
-Q 
CLEAR 
JIo- 


••• 


0 
ClOCK 
K- 
0 
CLOCK 
K"'" 
Q 
ClOCK 
K ,.... 


TO 
Y 
Y 
1 


NEXT BIT 


ClOCK 


N Bit shift register with clear 


CLEAR 


OATA 
CLEAR 
Q 
ClEAR 
Q 
INPUT 


K 
CLOCK 
0 
K 
ClOCK 
Q 


CLOCK 


~National 
~ 
semiconductor 


MM54HC7 4/MM7 4HC7 4 
Dual D Flip-Flop with Preset and Clear 


General Description 


The Mtt154HC74/MM74HC74 
utilizes 
microCMOSTM 
Tech- 
nology, 
3.5 
micron 
silicon 
gate 
P-well 
CMOS, 
to achieve 
operating 
speeds 
similar 
to the 
equivalent 
LS-TIL 
part. 
It 
possesses 
the 
high 
noise 
immunity 
and 
low 
power 
con- 
sumption 
of standard 
CMOS 
integrated 
circuits, 
along 
with 


the ability to drive 10 LS-TIL 
loads. 


This flip-flop 
has independent 
data, preset, 
clear. and clock 


inputs 
and Q and Q outputs. 
The logic level present 
at the 
data input is transferred 
to the output 
during the positive-go- 


ing transition 
of the clock 
pulse. 
Preset 
and clear are inde- 
pendent 
of the clock 
and accomplished 
by a low level at the 
appropriate 
input. 


The 54HC/74HC 
logic family is functionally 
and pinout com- 


patible 
with the standard 
54LS/74LS 
logic family. 
All inputs 


are protected 
from damage 
due to static discharge 
by inter- 


nal diode clamps 
to Vcc 
and ground. 


Features 


• 
Typical 
propagation 
delay: 
20 ns 


• 
Wide 
power 
supply 
range: 
2-6V 


• 
Low quiescent 
current: 
40 p.A maximum 
(74HC 
series) 


• 
Low input current: 
1 p.A maximum 


• 
Fanout 
of 10 LS-TIL 
loads 


Connection 
Diagram 


Dual·ln·Une 
Packalle 


Inputs 
Outputs 


PR 
CLR 
ClK 
D 
Q 
Q 


L 
H 
X 
X 
H 
L 


H 
L 
X 
X 
L 
H 


L 
L 
X 
X 
H' 
H' 


H 
H 
t 
H 
H 
L 


H 
H 
t 
L 
L 
H 


H 
H 
L 
X 
CO 
CO 


Note: co - the level of Q before 
the indicated 
input condi- 
tions were est&bUshed . 


• This configuration 
is nonstable: 
that is, ~ wlU noi persist 


when preset 
and clear 
Inputs return to their Inactive (high) 


level. 


PAl 


TOPYIEW 


MM54HC74/MM74HC74 


54HC74 
(J) 
74HC74 
(J,N) 


Absolute Maximum Ratings (Notes 1 & 2) 
Operating Conditions 


Supply Voltage (Vccl 
-0.5 
to + 7.0V 
Mln 
Max 
Units 


DC Input Voltage (VIN) 
-1.5 to Vcc+1.5V 
Supply Voltage(Vce) 
2 
6 
V 


DC Output Voltage (VOUT) 
-0.5 
to Vcc + 0.5V 
DC Input or Output Voltage 
0 
Vce 
V 


Clamp Diode Current (11K. loKl 
±20mA 
(VIN.VOUT) 


DC Output Current. per pin (lOUT) 
±25mA 
Operating Temperature 
Range(T IJ 
MM74HC 
-40 
+85 
·C 


DC Vce or GND Current. per pin (Ice) 
±50mA 
MM54HC 
-55 
+125 
·C 
Storage Temperature 
Range (TSTG) 
-65·Cto 
+ 150·C 
Input Rise or Fall Times 
Power Dissipation (Po) (Note 3) 
500mW 
(t,. tt) 
Vcc=2.0V 
1000 
ns 


Lead Temperature 
(Tu (Soldering 10 seconds) 
260·C 
Vce=4.5V 
500 
ns 
Vce=6.0V 
400 
ns 


DC Electrical Characteristics 
(Note 4) 


TA=25·C 
74HC 
54HC 


Symbol 
Parameter 
Conditions 
Vcc 
TA= -40 
to 85·C 
TA= -55 
to 125·C 
Units 
Typ 
Guaranteed 
Limits 


VIH 
Minimum High Level 
2.0V 
'1.5 
1.5 
1.5 
V 
Input Voltage 
4.5V 
3.15 
3.15 
3.15 
V 
6.0V 
4.2 
4.2 
4.2 
V 


VIL 
Maximum Low Level 
2.0V 
0.3 
0.3 
0.3 
V 
Input Voltage 
4.5V 
0.9 
0.9 
0.9 
V 
6.0V 
1.2 
1.2 
1.2 
V 


VOH 
Minimum High Level 
VIN= VIH or VIL 
Output Voltage 
IIOUTI:S:20".A 
2.0V 
2.0 
1.9 
1.9 
1.9 
V 
4.5V 
4.5 
4.4 
4.4 
4.4 
V 
6.0V 
6.0 
5.9 
5.9 
5.9 
V 


VIN=VIHorVIL 
IIOUTI:S:4.0mA 
4.5V 
4.3 
3.98 
3.84 
3.7 
V 
IIOUTI:S:5.2mA 
6.0V 
5.2 
5.48 
5.34 
5.2 
V 


VOL 
Maximum Low Level 
VIN=VIH orVIL 
Output Voltage 
IIOUTI:s:20 ".A 
2.0V 
0 
0.1 
0.1 
0.1 
V 
4.5V 
0 
0.1 
0.1 
0.1 
V 
6.0V 
0 
0.1 
0.1 
0.1 
V 


VIN = VIH or VIL 
IIOUTI:S:4.0mA 
4.5V 
0.2 
0.26 
0.33 
0.4 
V 


IIOUTI:S:5.2mA 
6.0V 
0.2 
0.26 
0.33 
0.4 
V 


IIN 
Maximum Input 
VIN = Vcc or GND 
6.0V 
±0.1 
±1.0 
±1.0 
".A 
Current 


Ice 
Maximum Quiescent 
VIN=VCC or GND 
6.0V 
8.0 
80 
160 
".A 
Supply Current 
IOUT=O ".A 


Note 
1: Absolute 
Maximum Ratings are those values beyond which damage to the device may occur. 


Note 
2: Unless otherwise 
specified 
all voltages are referenced 
to ground. 
Note 3: PowerDissipationtemperaturederating- 
plastic"N" package:-12 mWrC from 6S'C to 8S'C; ceramic"J" package:-12 mWrC from 
l00'C to 12S'C. 
Note 4: Fora powersupplyof SV ±10% theworstcaseoutputvoltages(VOH.andVou occurfor HCat 4.SV.Thusthe4.SVvaluesshouldbe usedwhen 
designingwithtnissupply.WorstcaseVIHandVILoccuratVee=S.SVand4.SVrespectively.(TheV,HvalueatS.SVis3.8SV.)Theworstcaseleakagecurrent(I,N. 
Ice.andlozl occurfor CMo.Sat thehighervoltageandsothe6.0Vvaluesshouldbe used. 


AC Electrical Characteristics 
Vcc=5V, 
TA=25'C, 
CL =15 
pF, 
tr=tf=6 
ns 


Symbol 
Parameter 
Conditions 
Typ 
Guaranteed 
Units 
Limit 


fMAX 
Maximum 
Operating 
50 
30 
MHz 


Frequency 
• 


tpHL, tpLH 
Maximum 
Propagation 
16 
30 
ns 


Delay Clock to 0 or 0 


tpHL, tpLH 
Maximum 
Propagation 
25 
40 
ns 


Delay Preset or Clear to 0 or 0 


tREM 
Minimum 
Removal 
Time, 
5 
ns 


Preset or Clear to Clock 


ts 
Minimum 
Set Up Time 
20 
ns 
Data to Clock 


tH 
Minimum 
Hold Time 
0 
ns 


Clock to Data 


tw 
Minimum 
Pulse Width 
16 
ns 


Clock. 
Preset or Clear 


AC Electrical Characteristics 
CL =50 
pF, tr=tf=6 
ns 
(unless 
otherwise 
specified) 


TA=25'C 
74HC 
54HC 


Symbol 
Parameter 
Conditions 
Vcc 
TA= 
-40to 
85'C 
TA = -55 
to 125'C 
Units 


Typ 
Guaranteed 
Limits 


fMAX 
Maximum 
Operating 
2.0V 
5 
4 
4 
MHz 
Frequency 
4.5V 
27 
21 
18 
MHz 


6.0V 
32 
25 
21 
MHz 


tPHL. tPLH 
Maximum 
Propagation 
2.0V 
88 
175 
221 
261 
ns 
Delay Clock to 0 or 0 
4.5V 
18 
35 
44 
52 
ns 


6.0V 
15 
30 
37 
44 
ns 


tPHL. tpLH 
Maximum 
Propagation 
2.0V 
98 
230 
290 
343 
ns 
Delay Preset or Clear 
4.5V 
30 
46 
58 
69 
ns 
ToOorO 
6.0V 
28 
39 
49 
58 
ns 


tREM 
Minimum 
Removal 
Time 
2.0V 
25 
32 
37 
ns 
Preset or Clear 
4.5V 
5 
6 
7 
ns 
To Clock 
6.0V 
4 
5 
6 
ns 


ts 
Minimum 
Set Up Time 
2.0V 
100 
126 
149 
ns 
Data to Clock 
4.5V 
20 
25 
30 
ns 


6.0V 
17 
21 
25 
ns 


tH 
Minimum 
Hold Time 
2.0V 
0 
0 
0 
ns 
Clock to Data 
4.5V 
0 
0 
0 
ns 


6.0V 
0 
0 
0 
ns 


tw 
Minimum. 
Pulse Width 
2.0V 
30 
80 
101 
119 
ns 
Clock. 
Preset or Clear 
4.5V 
9 
16 
20 
24 
ns 
6.0V 
8 
14 
17 
20 
ns 


tTLH. tTHL 
Maximum 
Output 
2.0V 
25 
75 
95 
110 
ns 
Rise and Fall Time 
4.5V 
7 
15 
19 
22 
ns 


6.0V 
6 
13 
16 
19 
ns 


tr• tf 
Maximum 
Input Rise and 
2.0V 
1000 
1000 
-1000 
ns 
Fall Time 
4.5V 
500 
500 
500 
ns 


6.0V 
400 
400 
400 
ns 


CPD 
Power Dissipation 
(per flip-flop) 
pF 
Capacitance 
(Note 5) 


CIN 
Maximum 
Input 
5 
10 
10 
10 
pF 
Capacitance 


Note 
5: CPO determines 
the no 
load 
dynamic 
power 
consumption, 
PO=CPD vcc2 
f+lcc 
Vcc. 
and the no load dynamic current 
consumption, 
Is~CPD Vcc f+ICC' 


Nole 
6: Referto Section1 for TypicalMM54/74HCAC SwitchingWaveformsandTest Circuits. 


. 


~National 
~ 
semiconductor 


MM54HC75/MM74HC75 
4 Bit Bistable Latch with Q and Q Output 


General 
Description 


This 4-Bit Latch utilizes microCMOSTMTechnology, 3.5 mi- 
cron silicon gate P-well CMOS. To achieve the high noise 
immunity and low power consumption normally associated 
with standard CMOS integrated circuits. These devices can 
drive 10 LS-TIL loads. 


This latch is ideally suited for use as temporary storage for 
binary information processing, input! output. and indicator 
units. Information present at the data (0) input is transferred 
to the a output when the enable (G) is high. The a output 
will follow the data input as long as the enable remains high. 
When the enable goes low, the information that was present 
at the data input at the time the transition occurred is re- 
tained at the a output until the enable is permitted to go 
high again. 


10 
20 


16 


MM54HC75/MM54HC75 


54HC75 (J) 
74HC75 (J,N) 


The 54HC/74HC logic family is functionally as well as pin- 
out compatible with the standard 54LS/74LS logic family. 
All inputs are protected from damage due to static dis- 
charge by internal diode clamps to Vcc and ground. 


Features 


• 
Typical operating frequency: 50 MHz 
• 
Typical propagation delay: 12 ns 
• 
Wide operating supply voltage range: 2-6V 
• 
Low input current: < 1 I-'A 
• 
Low quiescent supply current: 80 I-'A maximum 
(74HC series) 


• 
Fanout of 10 LS-TIL loads 


Inputs 
Outputs 


0 
G 
Q 
Q 


L 
H 
L 
H 
H 
H 
H 
L 
X 
L 
ao 
00 


H ~ High Level: L = Low Level 


X = Don't Care: 


00 - The level of 0 before the transition of G 


Absolute 
Maximum 
Ratings 
(Notes 
1 & 2) 
Operating 
Conditions 


Supply Voltage 
(Veel 
-0.5 
to + 7.0V 
Mln 
Max 
Units 


DC Input Voltage 
(VIN) 
-1.5 
to Vce+ 
1.5V 
Supply Voltage(Veel 
2 
6 
V 


DC Output Voltage 
(VOUT) 
-0.5 
to Vee+0.5V 
DC Input or Output Voltage 
0 
Vce 
V 


Clamp Diode Current 
(11K, 10K> 
±20mA 
(VIN,VOUT) 


DC Output Current, 
per pin (loUT) 
±25mA 
Operating 
Temperature 
Range(T Al 
MM74HC 
-40 
+85 
'C 
DC Vee or GND Current, 
per pin (Ieel 
±50mA 
MM54HC 
-55 
+125 
'C 
Storage 
\' em perature 
Range (T8m) 
-65'Cto 
+ 150'C 
Input Rise or Fall TImes 


Power Dissipation 
(Po) (Note 3) 
500mW 
(t,., t,) 
Vce=2.0V 
1000 
ns 


Lead Temperature 
(TLl (Soldering 
10 seconds) 
260'C 
Vce=4.5V 
500 
ns 


Vee=6.0V 
400 
ns 


DC Electrical 
Characteristics 
(Note 
4) 


TA=25'C 
74HC 
54HC 


Symbol 
Parameter 
Conditions 
Vcc 
TA= 
-40to 
85'C 
TA= 
-55 
to 125'C 
Units 


Typ 
Guaranteed 
Limits 


VIH 
Minimum 
High Level 
2.0V 
1.5 
1.5 
1.5 
V 


Input Voltage 
4.5V 
3.15 
3.15 
3.15 
V 


6.0V 
4.2 
4.2 
4.2 
V 


VIL 
Maximum 
Low Level 
2.0V 
0.3 
0.3 
0.3 
V 


Input Voltage 
4.5V 
0.9 
0.9 
0.9 
V 


6.0V 
1.2 
1.2 
1.2 
V 


VOH 
Minimum 
High Level 
VIN = VIH or VIL 


Output Voltage 
IIOUTI5:20 ",A 
2.0V 
2.0 
1.9 
1.9 
1.9 
V 


4.5V 
4.5 
4.4 
4.4 
4.4 
V 


6.0V 
6.0 
5.9 
5.9 
5.9 
V 


VIN = VIH or VIL 


IIOUTI5:4.0 
mA 
4.5V 
4.2 
3.98 
3.84 
3.7 
V 


IIOUTI 5:5.2 mA 
6.0V 
5.7 
5.48 
5.34 
5.2 
V 


VOL 
Maximum 
Low Level 
VIN = VIH or VIL 


Output Voltage 
IloUTI5:20",A 
2.0V 
0 
0.1 
0.1 
0.1 
V 


4.5V 
0 
0.1 
0.1 
0.1 
V 


6.0V 
0 
0.1 
0.1 
0.1 
V 


VIN = VIH or VIL 


IIOUTI5:4.0 
mA 
4.5V 
0.2 
0.26 
0.33 
0.4 
V 


IloUTI 5:5.2 mA 
6.0V 
0.2 
0.26 
0.33 
0.4 
V 


IIN 
Maximum 
Input 
VIN=VeeorGND 
6.0V 
±0.1 
±1.0 
±1.0 
",A 
Current 


Ice 
Maximum 
Quiescent 
VIN=VeeorGND 
6.0V 
4.0 
40 
80 
",A 
Supply Current 
IOUT=O",A 


• Note 
1: Absolute 
Maximum 
Ratings are thosa valuas beyond which damaga to tha davlce may occur. 


Note 2: Unless otherwise 
specified all voltages are ro.ferenced to ground. 


Note 
3: Powar 
Dissipation 
tamperatura 
darating 
- 
plastic 
"N" 
packaga: 
-12 
mWrC 
from 
65'C 
to 85°C; 
ceramic 
"J" 
packaga: 
-12 
mWrC 
from 


100'C to 125°C. 


Note 
4: For a power supply of 5V ±10% 
tile worst case output voltagas 
(VOH. and VoLl 
occur for HC at 4.5V. Thus tile 4.5V valuas should be usad whan 
dasigning witll tIlis supply. Worst case V,H and V,L occur at Vee ~ 5.5V and 4.5V respectlvaly. 
(The V,H value at 5.5V is 3.85V.) Tha worst casa laakaga currant (I'N. 
Ice. and loz) occur for CMOS at tIla higher voltaga and so tha 6.0V valuas should be used. 
- 


Lt) 
[:) 
AC Electrical Characteristics 
Vcc=5V, 
TA=25°C, 
CL =15 
pF. tr=tf=6 
ns 
J: 
~ 
••••• 
:E 
:E 
••..•.. 
Lt) 
•••••oJ: 
~ 
Lt) 
:E 
:E 


Symbol 
Parameter 
Conditions 
Typ 
Guaranteed 
Units 
Limit 


tpHL, tpLH 
Maximum 
Propagation 
14 
23 
ns 
Delay, Data to a 


tpHL, tpLH 
Maximum 
Propagation 
10 
20 
ns 
Delay, Data to Q 


tpHL. tpLlI 
Maximum 
Propagation 
16 
27 
ns 
Delay, Enable to a 


tPHL. tpLH 
Maximum 
Propa~tion 
11 
23 
ns 
Delay, Enable to a 
Is 
Minimum 
Set Up Time 
20 
ns 


tH 
Minimum 
Hold Time 
-2 
0 
ns 


tw 
Minimum 
Pulse Width 
16 
ns 


TA=25°C 
74HC 
54HC 


Symbol 
Parameter 
Conditions 
Vcc 
TA=-40to85°C 
TA= 
-55 
to 125°C 
Units 
Typ 
Guaranteed 
Limits 


tpHL. tpLH 
Maximum 
Propagation 
2.0V 
37 
125 
156 
188 
ns 
Delay, Data to a 
4.5V 
15 
25 
32 
38 
ns 
6.0V 
14 
24 
27 
32 
ns 


tpHL. tpLH 
Maximum 
Propi!gation 
2.0V 
29 
110 
138 
165 
ns 
Delay. Data to a 
4.5V 
12 
22 
28 
33 
ns 
6.0V 
11 
19 
24 
29 
ns 


tpHL, tpLH 
Maximum 
Propagation 
2.0V 
40 
145 
181 
218 
ns 
Delay. Enable to a 
4.5V 
18 
29 
36 
44 
ns 
6.0V 
16 
25 
31 
38 
ns 


tpHL, tpLH 
Maximum 
propa~tion 
2.0V 
36 
125 
156 
188 
ns 
Delay, Enable to 
4.5V 
15 
25 
31 
38 
ns 
6.0V 
14 
22 
28 
33 
ns 
Is 
Minimum 
Set Up Time 
2.0V 
40 
100 
125 
150 
ns 
Data to Enable 
4.5V 
10 
20 
25 
30 
ns 
6.0V 
9 
17 
21 
25 
ns 


tH 
Minimum 
Hold Time 
2.0V 
-10 
0 
0 
0 
ns 
Enable to Data 
4.5V 
-2 
0 
0 
0 
ns 
6.0V 
-2 
0 
0 
. 
0 
ns 


tw 
Minimum 
Enable 
Pulse Width 
2.0V 
40 
80 
100 
120 
ns 
4.5V 
11 
16 
20 
24 
ns 
6.0V 
9 
14 
18 
21 
ns 


tTLH, tTHL 
Maximum 
Output 
2.0V 
25 
75 
95 
110 
ns 
Rise and Fall 
4.5V 
7 
15 
19 
22 
ns 
Time 
6.0V 
6 
13 
16 
19 
ns 


Ir. tf 
Maximum 
Input Rise and 
2.0V 
1000 
1000 
1000 
ns 
Fall Time 
4.5V 
500 
500 
500 
ns 
6.0V 
400 
400 
400 
ns 


CPO 
Power Dissipation 
(per flip-flop) 
40 
pF 
Capacitance 
(Note 5) 


CIN 
Maximum 
Input 
5 
10 
10 
10 
pF 
Capacitance 


Note 
5: CPO determines 
the no load dynamic power 
consumption, PO=CPD Vcc2 
f+lcc 
VCC. and the no load dynamic current 
consumption, 


Is~ CPO Vcc f+ IcC· 


Nole 
6: Refer to Section 1 for Typical MM54/74HC 
AC Sw~ching Waveforms 
and Test Circuits. 


~National 
~ 
semiconductor 


MM54HC76/MM74HC76 
Dual J-K Flip-Flops 
with Preset and Clear 


General 
Description 
These high speed (30 MHz minimum) J-K Flip-Flops utilize 
microCMOSTM Technology, 
3.5 
micron 
silicon 
P-well 
CMOS, to achieve, the low power consumption and high 
noise immunity of standard CMOS integrated circuits, along 
with the ability to drive 10 LS-TTL loads. 
Each flip-flop has independent J, K, PRESET, CLEAR, and 
CLOCK inputs and a and a outputs. These devices are 
edge sensitive to the clock input and change state on the 
negative going transition of the clock pulse. Clear and pre- 
set are independent of the clock and accomplished by a low 
logic level on the COrrespondinginput. 


ClK 1 PR1 
ClR 1 
Jl 
vcc elK 2 
PR2 ClR2 


Tl/F/5074-' 


MM54HC76/MM74HC76 


54HC76 
(J) 
74HC76 
(J,N) 
Logic Diagram 


a: 
Cl 
•...t.... t 
PRESET 
ClOCK~ 


The 54HC174HC logic family is functionally as well as pin- 
out compatible with the standard 54LS/74LS logic family. 
All inputs are protected from damage due to static dis- 
charge by internal diode clamps to Vcc and ground. 


Features 


• 
Typical propagation delay: 16 ns 
• 
Wide operating voltage range 
• 
Low input current: 1 p.A maximum 
• 
Low quiescent current: 40 p.A maximum (74HC series) 
• 
High output drive: 10 LS-TTL loads 


Inputs 
Outputs 


PR 
ClR 
ClK 
J 
l 
Q 
Q 


L 
H 
X 
X 
X 
H 
L 
H 
L 
X 
X 
X 
L 
H 
L 
L 
X 
X 
X 
L· 
L· 


H 
H 
! 
L 
L 
ao 
00 
H 
H 
! 
H 
L 
H 
L 
H 
H 
! 
L 
H 
L 
H 
H 
H 
! 
H 
H 
TOGGLE 
H 
H 
H 
X 
X 
QO 
Qo 


mw 
CL 
Cl 
T 
T 


Absolute 
Maximum Ratings 
(Notes 
1 & 2) 
Operating 
Conditions 


Supply Voltage (Veel 
-0.5 
to + 7.0V 
Mln 
Max 
Units 


DC Input Voltage (VIN) 
-1.5toVee+1.5V 
Supply Voltage(Veel 
2 
6 
V 


DC Output Voltage (VOUT) 
-0.5 
to Vee+0.5V 
DC Input or Output Voltage 
0 
Vee 
V 


Clamp Diode Current (11K, 10K> 
±20mA 
(VIN,VOUT) 


DC Output Current, per pin (lOUT) 
±25mA 
Operating Temperature 
Range(T Al 
DC Vce or GND Current, per pin (Ice) 
±50mA 
MM74HC 
-40 
+85 
·C 


Storage Temperature 
Range (T8TG) 
-65·Cto 
+ 150·C 
MM54HC 
-55 
+125 
·C 


Power Dissipation (Po) (Note 3) 
500mW 
Input Rise or Fall Times 


Lead Temperature 
(TLl (Soldering 10 seconds) 
260·C 
(tr, ttl 
Vee=2.0V 
1000 
ns 
Vee=4.5V 
500 
ns 
Vee=6.0V 
400 
ns 


DC Electrical Characteristics 
(Note 4) 


TA=2S·C 
74HC 
S4HC 


Symbol 
Parameter 
Conditions 
Vcc 
TA= -40 
to 8S·C 
TA=-SSto12S·C 
Units 
Typ 
Guaranteed 
Limits 


VIH 
Minimum High Level 
2.0V 
1.5 
1.5 
1.5 
V 
Input Voltage 
4.5V 
3.15 
3.15 
3.15 
V 
6.0V 
4.2 
4.2 
4.2 
V 


VIL 
Maximum Low Level 
2.0V 
0.3 
0.3 
0.3 
V 
Input Voltage 
4.5V 
0.9 
0.9 
0.9 
V 
6.0V 
1.2 
1.2 
1.2 
V 


VOH 
Minimum High Level 
VIN=VIH orVIL 
Output Voltage 
IIOUTI~20 ",A 
2.0V 
2.0 
1.9 
1.9 
1.9 
V 
4.5V 
4.5 
4.4 
4.4 
4.4 
V 
6.0V 
6.0 
5.9 
5.9 
5.9 
V 


VIN=VIH or VIL 
IIOUTI~4.0 mA 
4.5V 
4.2 
3.98 
3.84 
3.7 
V 


IIOUTI~5.2 mA 
6.0V 
5.7 
5.48 
5.34 
5.2 
V 


VOL 
Maximum Low Level 
VIN= VIH or VIL 
Output Voltage 
IIOUTI~20 ",A 
2.0V 
0 
0.1 
0.1 
0.1 
V 
4.5V 
0 
0.1 
0.1 
0.1 
V 
6.0V 
0 
0.1 
0.1 
0.1 
V 


VIN=VIH orVIL 
IIOUTI~4.0 mA 
4.5V 
0.2 
0.26 
0.33 
0.4 
V 


IIOUTI~5.2 mA 
6.0V 
0.2 
0.26 
0.33 
0.4 
V 


IIN 
Maximum Input 
VIN=VceorGND 
6.0V 
±0.1 
±1.0 
±1.0 
",A 
Current 


Ice 
Maximum Quiescent 
VIN=VeeorGND 
6.0V 
4 
40 
80 
",A 
Supply Current 
IOUT=e",A 


Nole 1: AbsoluteMaximumRatingsarethosevaluesbeyondwhich.damageto thedevicemayoccur. 
Nole 2: Unlessotherwisespecifiedallvoltagesarereferenced10 ground. 
Nole 3: PowerDissipationlemperaluredaratlng- 
plastic "N" package:-12 mWrC from 65·C to 65·C; ceramic"J" package:-12 mWrC from 


100·Cto 12S·C. 
NOle4: Fora powersupplyof SV ± 10%the worstcaseoutputvoltages(VOH.andYou occurfor HC at4.SV.Thusthe 4.SVvaluesshouldbe usedwhen 
daslgnlngwiththissupply.WorstcaseVIHandVILoccuratVcc- 5.SVand4.5VrespectJvely.(TheVIHvalueatS.5VIs3.8SV.)Theworstcaseleakagecurrent(IIN. 
Icc. andlozl occurfor CMOSat thehighervoltageandsothe6.0Vvaluesshouldbeused. 


Symbol 
Parameter 
Conditions 
Typ 
Guaranteed 
Umlt 
Units 


fMAX 
Maximum 
Operating 
50 
30 
MHz 
Frequency 


tpHL. tpLH 
Maximum 
Propagation 
Delay Clock to Q or Q 
16 
21 
ns 


tpHL. tpLH 
Maximum 
Propagation 
Delay Clear to Q or Q 
21 
26 
ns 


tpHL. tpLH 
Maximum 
Propagation 
Delay Preset to Q or Q 
23 
28 
ns 


tREM 
Minimum 
Removal 
Time. 
10 
20 
ns 


ts 
Minimum 
Set Up Time J or K to Clock 
14 
20 
ns 


tH 
Minimum 
Hold Time J or K to Clock 
-3 
0 
ns 


tw 
Minimum 
Pulse Width Preset. Clear or Clock 
10 
16 
ns 


TA=25°C 
74HC 
54HC 


Symbol 
Parameter 
Conditions 
Vcc 
TA= 
-40 
to 85°C 
TA= 
-55 
to 125°C 
Units 
Typ 
Guaranteed 
Limits 


fMAX 
Maximum 
Operating 
2.0V 
9 
5 
4 
3 
MHz 
Frequency 
4.5V 
45 
27 
21 
18 
MHz 
6.0V 
53 
31 
24 
20 
MHz 


tpHL. tpLH 
Maximum 
Propagation 
2.0V 
100 
126 
160 
\ 
183 
ns 
Delay Clock to Q or Q 
4.5V 
20 
25 
31 
37 
ns 
6.0V 
17 
21 
27 
32 
ns 


tpHL. tpLH 
Maximum 
Propagation 
2.0V 
126 
155 
191 
250 
ns 
Delay Clear to Q or Q 
4.5V 
25 
31 
39 
47 
ns 
6.0V 
21 
26 
33 
40 
ns 


tpHL. tpLH 
Maximum 
Propagation 
2.0V 
137 
165 
210 
240 
ns 
Delay, Preset to Q or Q 
4.5V 
27 
33 
41 
50 
ns 
6.0V 
23 
28 
35 
40 
ns 


tREM 
Minimum 
Removal 
Time 
2.0V 
55 
100 
125 
150 
ns 
Preset or Clear 
4.5V 
11 
20 
25 
30 
ns 
to Clock 
6.0V 
9 
17 
21 
25 
ns 


ts 
Minimum 
Set Time 
2.0V 
77 
100 
125 
150 
ns 
J or K to Clock 
4.5V 
15 
20 
25 
30 
ns 
6.0V 
13 
17 
21 
25 
ns 


tH 
Minimum 
Hold Time 
2.0V 
-3 
0 
0 
0 
ns 
J or K from Clock 
4.5V 
-3 
0 
0 
0 
ns 
6.0V 
-3 
0 
0 
0 
ns 


tw 
Minimum. 
Pulse Width. 
2.0V 
55 
80 
100 
120 
ns 
Preset. Clear or Clock 
4.5V 
11 
16 
20 
24 
ns 
6.0V 
9 
14 
18 
21 
ns 


tTLH. tTHL 
Maximum 
Output 
Rise 
2.0V 
30 
75 
95 
110 
ns 
and Fall Time 
4.5V 
8 
15 
19 
22 
ns 
6.0V 
7 
13 
16 
19 
ns 


tr.tf 
Maximum 
Input Rise and 
20.V 
1000 
1000 
1000 
ns 
Fall Time 
4.5V 
500 
500 
500 
ns 
6.0V 
400 
400 
400 
ns 


CPO 
Power Dissipation 
(per flip-flop) 
80 
pF 
Capacitance 
(Note 5) 


CIN 
Maximum 
Input 
5 
10 
10 
10 
pF 
Capacitance 


Nole 
5: CPO determines the no load dynamic power consumption. Po-CPO Vcc2 f+lcc 
Vcc. and the no load dynamic currenl consumption, 


IS-CpO VCCf+ICC· 
Nole 6: Referto Section1 for Typical MM54174HCAC SwitchingWaveformsandTesl Circuits. 


COUNTER 
ENABLE 
I 
I 
! 
! 
- Q 
PRESET 
J- - Q 
PRESET 
J- 
..... 
Q 
PRESET 
J 


••• 
. 
CLEAR 
>- 
CLEAR 
>- 
CLEAR 
>- 
- 
TO 
Q 
Q 
Q 
NEXT BIT 
CLOCK 
K- ~ 
CLOCK 
K -- 
CLOCK 
K 


Y 
Y 


CLOCK 


RESET 


DATA 
PRESET 
PRESET 
PRESET 
J 
Q 
J 
Q 
J 
Q 
INPUT 


CLEAR 
CLEAR 
••• 


K 
CLOCK 
Q 
K 
CLOCK 
Q 
K 


CLOCK 


CLEAR 


TL/F/5074-5 


~National 
~ 
semiconductor 


MM54HC85/MM74HC85 
4·Bit Magnitude Comparator 


General Description 


The MM54HC85/MM74HC85 
is a 4-bit magnitude 
compara- 


tor that 
utilizes 
microCMOSTM 
Technology, 
3.5 micron 
sili- 
con gate 
P-well CMOS. 
It is designed 
for high speed 
com- 
parison 
of two four bit words. 
This circuit has eight compari- 


son inputs, 
4 for each word; three cascade 
inputs (A < B, A 


> B, A = B); and three 
decision 
outputs 
(A < B, A > B, A 


= B). The result of a comparison 
is indicated 
by a high level 
Features 
on one of the decision 
outputs. 
Thus 
it may be determined 


whether 
one word 
is "greater 
than," 
"less 
than," 
or "equal 


to" 
the other 
word. 
By connecting 
the outputs 
of the least 
significant 
stage 
to the 
cascade 
inputs 
of the 
next 
stage, 
words 
of greater 
than four bits can be compared. 
In addition 


the least significant 
stage must have a high level applied 
to 


the A = B input, and a low level to the A < B, and A > B 
inputs. 


The comparator's 
outputs 
can drive 10 low power 
Schottky 


TIL 
(LS-TIL) 
equivalent 
loads, 
and is functionally, 
and pin 


equivalent 
to the 54LS85/74LS85. 
All inputs 
are protected 


from damage 
due to static 
discharge 
by diodes 
to Vcc 
and 


ground. 


• 
Typical 
propagation 
delay: 
27 ns 


• 
Wide 
operating 
voltage 
range: 
2-6V 


• 
Low input current: 
1 /-LA maximum 


• 
Low quiescent 
current: 
80 p.A maximum 
(74HC 
series) 


• 
Output 
drive capability: 
10 LS-TIL 
loads 


Connection 
Diagram 
Dual·ln·Une 
Package 


OATAINPUTS 
i: 


, 
A3 
B2 
A2 
A1 
B1 
AD 
BO, 


16 
15 
14 
13 
12 
11 
10 
9 


A3 
B2 
A2 
A1 
B1 
AD 


- 
B3 
80~ 


A<B 
A=B 
A>B 
A>B 
A=B 
A<B 
IN 
IN 
IN 
OUT 
OUT 
OUT 


Absolute Maximum Ratings (Notes 
1 & 2) 
Operating Conditions 


Supply Voltage 
(Vecl 
-0.5 
to +7.0V 
Mln 
Max 
Units 


DC Input Voltage 
(VIN) 
-1.5 
to Vee+ 
1.5V 
Supply Voltage(Veel 
2 
6 
V 


DC Output 
Voltage 
(VOUT) 
-0.5toVee+0.5V 
DC Input or Output Voltage 
0 
Vcc 
V 


Clamp Diode Current 
(11K.10K> 
±20mA 
(VIN,VOUT) 


DC Output Current, 
per pin (lOUT) 
±25mA 
Operating 
Temperature 
Range(T pJ 
MM74HC 
-40 
+85 
·C 


DC Vcc or GND Current, 
per pin (Ieel 
±50mA 
MM54HC 
-55 
+125 
' ·C 


Storage 
Temperature 
Range (TSTG) 
-65·Cto 
+150·C 
Input Rise or Fall Times 


Power Dissipation 
(Po) (Note 3) 
500mW 
(tr,tt> 
Vcc=2.0V 
1000 
ns 


Lead Temperature 
(TU (Soldering 
10 seconds) 
260·C 
Vee=4.5V 
500 
ns 
Vee=6.0V 
400 
ns 


DC Electrical Characteristics 
(Note 
4) 


TA=25·C 
74HC 
54HC 


Symbol 
Parameter 
Conditions 
Vcc 
TA= 
-40 
to 85·C 
TA = -55 
to 125·C 
Units 
Typ 
Guaranteed 
Limits 


VIH 
Minimum 
High Level 
, 
2.0V 
1.5 
1.5 
1.5 
V 


Input Voltage 
4.5V 
3.15 
3.15 
3.15 
V 


6.0V 
4.2 
4.2 
4.2 
V 


VIL 
Maximum 
Low Level 
2.0V 
0.3 
0.3 
0.3 
V 


Input Voltage 
4.5V 
0.9 
0.9 
0.9 
V 


6.0V 
1.2 
1.2 
1.2 
V 


VOH 
Minimum 
High Level 
VIN = VIH or VIL 


Output 
Voltage 
IIOUTIS:20 IJ-A 
2.0V 
2.0 
1.9 
1.9 
1.9 
V 


4.5V 
4.5 
4.4 
4.4 
4.4 
V 


6.0V 
6.0 
5.9 
5.9 
5.9 
V 


VIN = VIH or VIL 


IIOUTIS:4.0 mA 
4.5V 
4.2 
3.98 
3.84 
3.7 
V 


IIOUTIS:5.2 mA 
6.0V 
5.7 
5.48 
5.34 
5.2 
V 


VOL 
Maximum 
Low Level 
VIN = VIH or VIL 


Output Voltage 
liouTIS:20 
IJ-A 
2.0V 
0 
0.1 
0.1 
0.1 
V 


4.5V 
0 
0.1 
0.1 
0.1 
V 


6.0V 
0 
0.1 
0.1 
0.1 
V 


VIN=VIHorVIL 


!IOUTI S:4.0 mA 
4.5V 
0.2 
0.26 
0.33 
0.4 
V 


1i0uTI s: 5.2 mA 
6.0V 
0.2 
0.26 
0.33 
0.4 
V 


IIN 
Maximum 
Input 
VIN=VeeorGND 
6.0V 
±0.1 
±1.0 
±1.0 
IJ-A 
Current 


Ice 
Maximum 
Quiescent 
VIN = Vee or GND 
6.0V 
8.0 
80 
160 
IJ-A 
Supply Current 
10UT=0IJ-A 


Note 
1: Absolute 
Maximum 
Ratings are those values beyond which damage to the device may occur. 


Note 
2: Unless otherwise 
specified 
all voltages 
are referenced 
to ground. 


Note 
3: Power Dissipation temperature 
derating - 
plastic 
"N" 
package: 
-12 
mwrc 
from 65°C to 85°C; ceramic "J" package: 
-12 
mWrC from 
100°Cto 125°C. 


Note 4: For a power supply of 5V ±10% the worst case outputvoltages(VOH.and Vou occur for HC at 4.5V.Thusthe 4.5V valuesshouldbe used when 
designingwiththissupply.WorstcaseV,HandV,Loccurat Vcc - 5.5Vand4.5Vrespectively.(TheV,Hvalueat 5.5Vis 3.85V.)Theworstcaseleakagecurrent(IIN. 
Ice. and loz) occurfor CMOS'at the highervoltageand so the 6.0Vvaluesshouldbe used. 


, 


AC Electrical Characteristics 
Vcc=5V. 
TA=25'C. 
CL =15 
pF. tr=tf=6 
ns 


Symbol 
Parameter 
Conditions 
Typ 
Limit 
Units 


tpHL. tpLH 
Maximum Propagation Delay Data Input to A < B or A> B 
20 
36 
ns 


tpHL. tpLH 
Maximum Propagation Delay A = B Input to A = B Output 
12 
20 
ns 


tpHL. tPLH 
Maximum Propagation Delay Cascade Input to Output 
13 
26 
ns' 


tPHL.tpLH 
Maximum Propagation Delay Data Input to A = B 
20 
30 
ns 


AC Electrical Characteristics 
CL =50 
pF. tr=tf=6 
ns (unless otherwise 
specified) 


TA=25'C 
74HC 
54HC 


Symbol 
Parameter 
Conditions 
Vcc 
TA= -40 
to 85'C 
TA= -55t0125'C 
Units 


Typ 
Guaranteed 
Limits 


tpHL. tpLH 
Maximum Propagation 
2.0V 
100 
210 
265 
313 
ns 
Delay Data Input to 
4.5V 
21 
42 
53 
63 
ns 
Output 
6.0V 
18 
36 
45 
53 
ns 


tpHL. tpLH 
Maximum Propagation Delay 
2.0V 
88 
175 
221 
261 
ns 
Data Input to A = B Output 
4.5V 
18 
35 
44 
52 
ns 


.. 
6.0V 
15 
30 
37 
44 
ns 


tpHL. tPLH 
Maximum Propagation Delay 
2.0V 
63 
125 
158 
186 
ns 
A = B Input to A = B Output 
4.5V 
13 
25 
- 32 
37 
ns 


6.0V 
11 
21 
27 
32 
ns 


tpHL. tpLH 
Maximum Propagation 
2.0V 
70 
155 
195 
231 
ns 
Delay Cascade Input 
4.5V 
16 
31 
39 
46 
ns 
to Output (except A = B) 
6.0V 
13 
26 
33 
39 
ns 


tTLH. tTHL 
Maximum Output Rise 
2.0V 
25 
75 
95 
110 
ns 
and Fall Time 
4.5V 
7 
15 
19 
22 
ns 


6.0V 
6 
13 
16 
19 
ns 


CIN 
Maximum Input Capacitance 
5 
10 
10 
10 
pF 


CPO 
Power Dissipation Capacitance 
(Note 5) 
80 
pF 


Note 
5: CPO determines 
the 
no load 
dynamic 
power 
consumption, 
Po = CPOVcc2 f+ Icc Vcc. and the no load dynamiccurrentconsumption. 
Is = CpoVcc f + Ice- 
No'. 6: Referto Section1forTypicalMM54174HCACSWitchingWaveformsandTestCircuits. 


Typical Application 
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~National 
~ 
semiconductor 


MM54HC86/MM74HC86 
Quad 2-lnput Exclusive OR Gate 


General Description 
This EXCLUSIVEOR gate utilizes microCMOSTMTechnolo- 
gy, 3.5 micron silicon gate P-well CMOS, to achieve operat- 
ing speeds similar to equivalent LS-TIL gates while main- 
taining the low power consumption and high noise immunity 
characteristic of standard CMOS integrated circuits. These 
gates are fully buffered and have a fanout of 10 LS-TIL 
loads. The MM54HC/74HC logic family is functio~allY as 
well as pin out compatible with the standard 54LS174LS 
logic family. All inputs are protected from damage due to 
static discharge by internal diode clamps to Vcc 
and 


ground. 


Features 


• 
Typical propagation delay: 9 ns 
• 
Wide operating voltage range: 2-6V 
• 
Low input current: 1 /LA maximum 
• 
Low quiescent current: 20 /LA maximum (74 series) 


• 
Output drive capability: 10 LS-TIL loads 


MM54HC86/MM54HC86 


54HC86 (J) 
74HC86 (J,N) 


Inputs 
Outputs 


A 
B 
y, 


L 
L 
L 
L 
H 
H 
H 
L 
H 
H 
H 
L 


Absolute 
Maximum Ratings 
(Notes 
1 & 2) 
Operating 
ConditionS 


Supply Voltage (Vcel 
-0.5 
to +7.0V 
Mln 
Max 
Units 


DC Input Voltage (VIN) 
-1.5toVce+1.5V 
Supply Voltage(Vce) 
2 
6 
V 


DC Output Voltage (VOUT) 
-0.5 
to Vcc+0.5V 
DC Input or Output Voltage 
0 
Vce 
V 


Clamp Diode Current (11K, 10K) 
±20mA 
(VIN,VOUT) 


DC Output Current, per pin (lOUT) 
±25mA 
Operating Temperature 
Range(T Al 
MM74HC 
-40 
+85 
'c 
DC Vce or GND Current, per pin (Icel 
±50mA 
MM54HC 
-55 
+125 
'c 
Storage Temperature 
Range (TSTG) 
- 65'C to + 150'C 
Input Rise or Fall Times 
Power Dissipation (Po) (Note 3) 
500mW 
(tr, tll 
Vcc=2.0V 
1000 
ns 


Lead Temperature 
(TLl (Soldering 10 seconds) 
260'C 
Vce=4.5V 
500 
ns 
Vce=6.0V 
400 
ns 


, 


DC Electrical Characteristics 
(Note 4) 


TA=25'C 
74HC 
54HC 


Symbol 
Parameter 
Conditions 
Vcc 
TA= 
-40 
to 85'C 
TA = -55 
to 125'C 
Units 
Typ 
Guaranteed 
Limits 


VIH 
Minimum High Level 
2.0V 
1.5 
1.5 
1.5 
V 
Input Voltage 
4.5V 
3.15 
3.15 
3.15 
V 
6.0V 
4.2 
4.2 
4.2 
V 


VIL 
Maximum Low Level 
2.0V 
0.3 
0.3 
0.3 
V 
Input Voltage 
4.5V 
0.9 
0.9 
0.9 
V 
6.0V 
1.2 
1.2 
1.2 
V 


VOH 
Minimum High Level 
VIN = VIH or VIL 
Output Voltage 
IIOUTI:s:20 ",A 
2.0V 
2.0 
1.9 
1.9 
1.9 
V 
4.5V 
4.5 
4.4 
4.4 
4.4 
V 
6.0V 
6.0 
5.9 
5.9 
5.9 
V 


VIN = VIH or VIL 
IIOUTI:s:4.0 mA 
4.5V 
4.2 
3.98 
3.84 
3.7 
V 
IiOUTI:s:5.2 mA 
6.0V 
5.7 
5.48 
5.34 
5.2 
V 


VOL 
Maximum Low Level 
VIN = VIH or VIL 
Output Voltage 
IIOUTI:S:20",A 
2.0V 
0 
0.1 
0.1 
0.1 
V 
4.5V 
0 
0.1 
0.1 
0.1 
V 
6.0V 
0 
0.1 
0.1 
0.1 
. 
V 


VIN= VIH or VIL 
IiOUTI:S:4.0mA 
4.5V 
0.2 
0.26 
0.33 
0.4 
V 
IIOUTI:S:5.2mA 
6.0V 
0.2 
0.26 
0.33 
0.4 
V 


IIN 
Maximum Input 
VIN=Vce 
or GND 
6.0V 
±0.1 
±1.0 
±1.0 
",A 
Current 


Ice 
Maximum Quiescent 
VIN= Vce or GND 
6.0V 
2.0 
20 
40 
",A 
Supply Current 
IOUT=O ",A 


Note 1: AbsoluteMaximumRatingsarethosevaluesbeyondwhichdamageto thedevicemayoccur. 
Note 2: Unlessotherwisespecifiedall voltagesarereferencedto ground. 
Note 3: PowerDlsslpatlontemperaturederatlng- 
plastlc "N" package:-12 mWI'C from 65'C to 85'C; ceramic"J" package:-12 mWI'C from 
l00'C to 125'C. 
Note 4: Fora powersupplyof 5V ± 10%the worstcaseoutputvoltages(VOH,andVou occurfor HCat 4.5V. Thusthe 4.5V valuesshouldbe usedwhen 
designingwiththissupply.WorstcaseVIHandVILoccuratVcc = 5.5V and4.5V respectively.(TheV,Hvalueat 5.5V Is3.85V.) Theworstcaseleakagecurrent(I'N' 
Ice, and10zJ occurfor CMOSat thehighervoltageandsothe8.0Vvaluesshouldbeused. 


AC Electrical Characteristics 


Vcc=5V, 
TA=25°C. 
CL =15 
pF, tr=tf=6 
ns 


Symbol 
Parameter 
Conditions 
Typ 
Guaranteed 
Units 
Limit 


tpHL, tpLH 
Maximum 
Propagation 
12 
20 
ns 


Delay 


AC Electrical Characteristics 


Vcc=2.0V 
to 6.0V, CL =50 
pF, tr=tf=6 
ns (unless 
otherwise 
specified) 


TA=25°C 
74HC 
54HC 


Symbol 
Parameter 
Conditions 
Vcc 
TA= 
-40 
to 85°C 
TA = -55 
to 125°C 
Units 


Typ 
Guaranteed 
LimIts 


tpHL, tpLH 
Maximum 
Propagation 
2.0V 
60 
120 
151 
179 
ns 


Delay 
4.5V 
12 
24 
30 
36 
ns 


6.0V 
10 
20 
26 
30 
ns 


tTLH. tTHL 
Maximum 
Output 
Rise 
2.0V 
30 
75 
95 
110 
ns 


and Fall Time 
4.5V 
8 
15 
19 
22 
ns 


6.0V 
7 
13 
16 
19 
ns 


CPO 
Power Dissipation 
(per gate) 
25 
pF 


Capacitance 
(Note 5) 


CIN 
Maximum 
Input 
5 
10 
10 
10 
pF 


Capacitance 


Note 
5: CPO determines 
the 
no load dynamic 
power 
consumption, 
PO=CPD 
Vcc2 
f+lcc 
VCC, and the 
no load 
dynamic 
current 
consumption, 


Is~CPD Vcc f+lcc· 


Nole 
6: Referto Section1 for Typical MM54174 HC AC SwitchingWaveformsendTest Circuits. 


:, 


~National 
~ 
semiconductor 


MM54HC1 07/MM7 
4HC1 07 
Dual J-K Flip-Flops 
with Clear 


General Description 


These 
J-K Flip-Flops 
utilize 
microCMOSTM 
Technology, 
3.5 


micron 
silicon 
gate P-Well. to achieve 
the high noise immu- 


nity and low power dissipation 
of standard 
CMOS integrated 


circuits. 
These 
devices 
can drive 10 LS-TIL 
loads. 


These 
flip-flops 
are edge 
sensitive 
to the clock 
input 
and 


change 
state 
on the negative 
going 
transition 
of the clock 


pulse. Each one has independent 
J. K, CLOCK, 
and CLEAR 


inputs 
and 0 and 0 
outputs. 
CLEAR 
is independent 
of the 


clock 
and accomplished 
by a low level on the input. 


The 54HC/74HC 
logic family 
is functionally 
as well as pin- 


out compatible 
with 
the 
standard 
54LS174LS 
logic 
family. 
All 
inputs 
are 
protected 
from 
damage 
due 
to 
static 
dis- 


charge 
by internal 
diode clamps 
to Vcc 
and ground. 


Features 


• 
Typical 
propagation 
delay: 
16 ns 


• 
Wide 
operating 
voltage 
range: 
2-6V 


• 
Low input current: 
1 IJoAmaximum 


• 
Low quiescent 
current: 
40 IJoA(74HC 
series) 


• 
High output 
drive: 
10 LS-TIL 
loads 


Vcc 
ClR 1 
ClK 1 
K2 
ClR 2 
ClK 2 
J2 


8 


02 
GND 


TL/F/5304-1 


MM54HC107lMM74HC107 


54HC107 (J) 
74HC107 (J,N) 


CL 
CL 


CLOCK~ 


Inputs 
Outputs 


ClR 
ClK 
J 
K 
Q 
Q 


L 
X 
X 
X 
L 
H 


H 
-L. 
L 
L 
00 
00' 


H 
.J.. 
H 
L 
H 
L 


H 
.J.. 
L 
H 
L 
H 


H 


.J.. 
H 
H 
TOGGLE 


H 
H 
X 
X 
00 
00 


lWtm 


CL 
CL 
T 
T 


Absolute Maximum Ratings (Notes 
1 & 2) 
Operating Conditions 


Supply Voltage 
(Ved 
-0.5 
to + 7.0V 
Mln 
Max 
Units 


DC Input Voltage 
(VIN) 
-1.5 
to Vee+1.5V 
Supply Voltage(Ved 
2 
6 
V 


DC Output Voltage 
(Vour) 
-0.5 
to Vee+0.5V 
DC Input or Output Voltage 
0 
Vee 
V 


Clamp Diode Current 
(11K, 10K) 
±20mA 
(VIN,Vour) 


DC Output 
Current, 
per pin (lour) 
±25 
mA 
Operating 
Temperature 
Range(T A) 


MM74HC 
-40 
+85 
·C 
DC Vee or GND Current, 
per pin (Ice) 
±50mA 
MM54HC 
-55 
+125 
·C 
Storage 
Temperature 
Range (TSTG) 
-65·Cto 
+ 150·C 
Input Rise or Fall Times 


Power Dissipation 
(Po) (Note 3) 
500mW 
(t,., tf) 
Vee=2.0V 
1000 
ns 


Lead Temperature 
(TtJ (Soldering 
10 seconds) 
260·C 
Vee=4.5V 
500 
ns 


Vee=6.0V 
400 
ns 


DC Electrical Characteristics 
(Note 
4) 


TA=25·C 
74HC 
54HC 


Symbol 
Parameter 
Conditions 
Vcc 
TA= 
-40to 
85·C 
TA = -55 
to 12S·C 
Units 


Typ 
Guaranteed 
Limits 


VIH 
Minimum 
High Level 
2.0V 
1.5 
1.5 
1.5 
V 


Input Voltage 
4.5V 
3.15 
3.15 
3.15 
V 


- 
6.0V 
4.2 
4.2 
4.2 
V 


VIL 
Maximum 
Low Level 
2.0V 
0.3 
0.3 
0.3 
V 


Input Voltage 
4.5V 
0.9 
0.9 
0.9 
V 


6.0V 
1.2 
1.2 
1.2 
V 


VOH 
Minimum 
High Level 
VIN = VIH or VIL 


Output 
Voltage 
Houri,;; 
20 fLA 
2.0V 
2.0 
1.9 
1.9 
1.9 
V 


4.5V 
4.5 
4.4 
4.4 
4.4 
V 


6.0V 
6.0 
5.9 
5.9 
5.9 
V 


VIN = VIH or VIL 


Ilourl';;4.0 
mA 
4.5V 
3.98 
3.84 
3.7 
V 


Ilourl';;5.2 
mA 
6.0V 
5.48 
5.34 
5.2 
V 


VOL 
Maximum 
Low Level 
VIN = VIH or VIL 


Output Voltage 
Iiourl 
,;;20 fLA 
2.0V 
0 
0.1 
0.1 
0.1 
V 
, 
4.5V 
0 
0.1 
0.1 
0.1 
V 


6.0V 
0 
0.1 
0.1 
0.1 
V 


VIN=VIH 
or VIL 


Ilourl';;4.0 
mA 
4.5V 
0.2 
0.26 
0.33 
0.4 
V 


Ilourl';;5.2 
mA 
6.0V 
0.2 
0.26 
0.33 
0.4 
V 


IIN 
Maximum 
Input 
VIN=VeeorGND 
6.0V 
±0.1 
±1.0 
±1.0 
fLA 
Current 


Ice 
Maximum 
Quiescent 
VIN = Vee or GND 
6.0V 
4.0 
40 
80 
",A 
Supply Current 
lour=O 
",A 


Note 
1: Absolute 
Maximum 
Ratings are those values beyond which damage to the device may occur. 


Note 2: Unless otherwise 
specified 
all voltages 
are referenced 
to ground. 


Note 
3: Power Dissipation temperature 
derating - 
plastic "N" 
package: 
-12 
mwrc 
from 65°C to 85°C; ceramic "J" package: -12 mWrC from 
100·C to 125·C. 


Note 4: For a power supply of 5V ± 10% the worst case outputvoltages (VOH. and Vou 
occur tor HC at 4.5V. Thusthe 4.5V valuesshouldbe used when 
designingwiththissupply.WorstcaseV,H andV,L occurat VCC = 5.5V and4.5V respectively.(TheV,H valueat 5.5V is3.85V.) Theworstcaseleakagecurrent(I'N. 
Ice. and 10zJ occur for CMOSat the highervoltageand so the 6.0V veluesshouldbe used. 


- 


AC Electrical 
Characteristics 
Vcc=5V. 
TA=25'C. 
CL =15 
pF. 
1,=lf=6 
ns 


Symbol 
Parameter 
Conditions 
Typ 
Guaranteed 
Units 
Limit 


fMAX 
Maximum 
Operating 
50 
30 
MHz 
Frequency 


tPHL. tpLH 
Maximum 
Propagation 
16 
21 
ns 
Delay Clock to Q or Q 


tpHL. tpLH 
Maximum 
Propagation 
21 
26 
ns 
Delay Clear to Q or Q 


tREM 
Minimum 
Removal 
Time. 
10 
20 
ns 
Clear to Clock 


ts 
Minimum 
Set Up Time. 
14 
20 
ns 
J or K to Clock 


tH 
Minimum 
Hold Time 
-3 
0 
ns 
J or K from Clock 


tw 
Minimum 
Pulse Width. 
10 
16 
ns 
Clock or Clear 


AC Electrical Characteristics 
CL =50 
pF. t,=tf=6 
ns 
(unless 
otherwise 
specified) 


TA=25'C 
74HC 
54HC 


Symbol 
Parameter 
Conditions 
Vcc 
TA= 
-40to 
85'C 
TA = -55 
to 125'C 
Units 
Typ 
Guaranteed 
Limits 


fMAX 
Maximum 
Operating 
2.0V 
9 
5 
4 
3 
MHz 
Frequency 
4.5V 
45 
27 
21 
18 
MHz 


6.0V 
53 
31 
24 
20 
MHz 


tpHL. tpLH 
Maximum 
Propagation 
2.0V 
100 
126 
160 
185 
ns 
Delay Clock to Q or Q 
4.5V 
20 
25 
32 
37 
ns 
6.0V 
17 
21 
27 
32 
ns 


tPHL. tpLH 
Maximum 
Propagation 
2.0V 
126 
155 
194 
250 
ns 
Delay Clear to Q or Q 
4.5V 
25 
31 
39 
47 
ns 
6.0V 
21 
26 
32 
40 
ns 


tREM 
Minimum 
Removal 
Time 
2.0V 
55 
100 
125 
150 
ns 
Clear to Clock 
4.5V 
11 
20 
25 
30 
ns 
6.0V 
9 
17 
21 
25 
ns 


ts 
Minimum 
Set Up Time 
2.0V 
77 
100 
125 
150 
ns 
J or K to Clock 
4.5y 
15 
20 
25 
30 
ns 
6.0V 
13 
17 
21 
25 
ns 


tH 
Minimum 
Hold Time 
2.0V 
-3 
0 
0 
0 
ns 
J or K to Clock 
4.5V 
-3 
0 
0 
0 
ns 
6.0V 
-3 
0 
0 
0 
ns 


tw 
Minimum 
Pulse Width 
2.0V 
55 
80 
100 
120 
ns 
Clear or Clock 
4.5V 
11 
16 
20 
24 
ns 
6.0V 
10 
14 
18 
21 
ns 


tTLH. tTHL 
Maximum 
Output 
Rise 
2.0V 
30 
75 
95 
110 
ns 
and Fall Time 
4.5V 
8 
15 
19 
22 
ns 
6.0V 
7 
13 
16 
19 
ns 


tr• tf 
Maximum 
Input Rise and 
2.0V 
1000 
1000 
1000 
ns 
Fall Time 
4.5V 
500 
500 
500 
ns 
6.0V 
400 
400 
400 
ns 


CPO 
Power Dissipation 
(per flip-flop) 
80 
pF 
Capacitance 
(Note 5) 


CIN 
Maximum 
Input 
5 
10 
10 
10 
pF 
Capacitance 


Note 
5: Cpo 
determines 
the 
no load dynamic 
power consumption, 
PO=CPD 
Vcc2 
f+ Ice 
Vcc. 
and the no load dynamic 
current 
consumption, 
Is=CPD Vcc f+lcc· 
I 


RESET 
> 


~ 
I 
~ 


r--O 
CLEAR 
Jf- 
•.•• 
0 
CLEAR 
J- 
-0 
CLEAR 
J~ 


••• 


li 
CLOCK 
Kf- 
Q 
CLOCK 
Kf- 
li 
CLOCK 
K~ 
TO 
l 
I 
1 


NEXT BIT 


CLOCK 


~National 
~ 
semiconductor 


MM54HC1 09/MM7 
4HC1 09 
Dual J-K Flip-Flops with Preset and Clear 


General 
Description 


These 
J-i( FLIP-FLOPS 
utilize 
microCMOSTM 
Technology, 
3.5 
micron 
silicon 
gate 
P-Well 
CMOS 
to achieve 
the 
low 
power 
consumption 
and 
high 
noise 
immunity 
of standard 
CMOS 
integrated 
circuits, 
along 
with the ability 
to drive 10 
LS-TIL 
loads. 


Each 
flip flop 
has independent 
J, i( PRESET, 
CLEAR 
and 
CLOCK 
inputs 
and a and 0 out~uts. 
These 
devices 
are 
edge 
sensitive 
to the clock 
input and change 
state 
on the 
positive 
going transition 
of the clock 
pulse. Clear and preset 
are independent 
of the 
clock 
and accomplished 
by a low 


logic level on the corresponding 
input. 


The 54HC174HC 
logic family 
is functionally 
as well as pin- 


out compatible 
with 
the 
standard 
54LS174LS 
logic 
family. 


All 
inputs 
are 
protected 
from 
damage 
due 
to 
static 
dis- 


charge 
by internar 
diode clamps 
to Vcc 
and ground. 


Features 


• 
Typical 
propagation 
delay: 
20 ns 


• 
Wide operating 
voltage 
range: 
2-6V 


• 
Low input current: 
1 fJoAmaximum 


• 
Low quiescent 
current: 
40 fJoAmaximum 
(74HC 
series) 


• 
Output 
drive capability: 
10 LS-TIL 
loads 


ClR2 
J2 
K2 
ClK2 
PR2 
02 
02 


10 
II 


_ ClR_ 
K 
0 
ClK 


J 
0 
PR 


J 
0 
ClK 


K 
0 
ClR 


MM54HC1 09/MM74HC1 
09 


54HC109 
(J) 
74HC109 
(J,N) 


Inputs 
Outputs 


PR 
ClR 
ClK 
J 
K 
Q 
Q 


l 
H 
X 
X 
X 
H 
L 


H 
L 
X 
X 
X 
L 
H 


L 
L 
X 
X 
X 
H* 
H* 


H 
H 
i 
L 
L 
L 
H 


H 
H 
i 
H 
L 
TOGGLE 


H 
H 
i 
L 
H 
ao 
00 
H 
H 
i 
H 
H 
H 
L 
H 
H 
L 
X 
X 
ao 
00 


Absolute Maximum Ratings 
(Notes 
1 & 2) 
Operating Conditions 


Supply Voltage 
(Vee) 
-0.5 
to + 7.0V 
Mln 
Max 
Units 


DC Input Voltage 
(VIN) 
-1.5 
to Vee+1.5V 
Supply Voltage(Vee) 
2 
6 
V 


DC Output Voltage 
(VOUT) 
-0.5 
to Vee + 0.5V 
DC Input or Output Voltage 
0 
Vee 
V 


Clamp Diode Current 
(11K, 10K) 
±20mA 
(VIN,VOUT) 


DC Output Current, 
per pin (lOUT) 
±25 
mA 
Operating 
Temperature 
Range(T Al 


MM74HC 
-40 
+85 
·C 
DC Vee or GND Current, 
per pin (lee) 
±50mA 
MM54HC 
-55 
+125 
·C 
Storage 
Temperature 
Range (TSTG) 
-65·Cto 
+150·C 
Input Rise or Fall Times 


Power Dissipation 
(Po) (Note 3) 
500mW 
(tr,tll 
Vee=2.0V 
1000 
ns 


Lead Temperature 
(T Ll (Soldering 
10 seconds) 
260·C 
Vee=4.5V 
500 
ns 


Vee=6.0V 
400 
ns 


DC Electrical Characteristics 
(Note 
4) 


TA=25·C 
74HC 
54HC 


Symbol 
Parameter 
Conditions 
Vcc 
TA=-40t085·C 
TA= 
-55 
to 125"C 
Units 


Typ 
Guaranteed 
Limits 


VIH 
Minimum 
High Level 
2.0V 
1.5 
1.5 
1.5 
V 


Input Voltage 
4.5V 
3,15 
3.15 
3.15 
V 


6.0V 
4.2 
4.2 
4.2 
V 


VIL 
Maximum 
Low Level 
2.0V 
0.3 
0.3 
0.3 
V 


Input Voltage 
4.5V 
0.9 
0.9 
0.9 
V 


6.0V 
1.2 
1.2 
1.2 
V 


VOH 
Minimum 
High Level 
VIN = VIH or VIL 


Output Voltage 
IiOUTI,;;20 
",A 
2.0V 
2.0 
1.9 
1.9 
1.9 
V 


4.5V 
4.5 
4.4 
4.4 
4.4 
V 


6.0V 
6.0 
5.9 
5.9 
5.9 
V 


VIN=VIH 
orVIL 


lioUTI ';;4.0 mA 
4.5V 
3.98 
3.84 
3.7 
V 


IiOUTI,;; 5.2 mA 
6.0V 
5.48 
5.34 
5.2 
V 


VOL 
Maximum 
Low Level 
VIN = VIH or VIL 


Output Voltage 
IiOUTI';;20 
",A 
2.0V 
0 
0.1 
0.1 
0.1 
V 


4.5V 
0 
0.1 
0.1 
0.1 
V 


6.0V 
0 
0.1 
0.1 
0.1 
V 


VIN = VIH or VIL 


IIOUTI';;4.0 
mA 
4.5V 
0.26 
0.33 
0.4 
V 


liouTI ,;;5.2 mA 
6.0V 
0.26 
0.33 
0.4 
V 


IIN 
Maximum 
Input 
VIN = Vee or GND 
6.0V 
±0.1 
±1.0 
±1.0 
",A 
Current 


Ice 
Maximum 
Quiescent 
VIN=VeeorGND 
6.0V 
4.0 
40 
80 
",A 
Supply Current 
IOUT=O 
",A 


Note 
1: Absolute 
Maximum 
Ratings are those values beyond which damage 
to the device may occur. 


Note 
2: Unless otherwise 
specified 
all voltages are referenced 
to ground. 


Note 
3: Power 
Dissipation 
temperature 
derating 
- 
plastic 
"N" 
package: 
-12 
mwrc 
from 
65°C to 85°C; 
ceramic 
"J" 
package: 
-12 
mwrc 
from 


100·C to 125·C. 


Nole 
4: For a power supply of 5V ± 10% the worst case outputvoltages (VOH. and You occur for HC at 4.5V. Thusthe 4.5V valuesshouldbe used when 
designing with this supply. Worst case VIH and V,L occur at Vcc=5.5V 
and 4.5V respectively. 
(The VIH value at 5.5V is 3.85V.) The worst case leakage current 
(ltN, 


Ice. and loz) occur for CMOS at the highervoltageandso the 6.0V valuesshouldbe used. 


AC Electrical Characteristics 


Vcc=5V, 
TA=25°C, 
CL =15 
pF, tr=tf=6 
ns 


Symbol 
Parameter 
Conditions 
Typ 
Guaranteed 
Units 
Limit 


fMAX 
Maximum 
Operating 
50 
30 
MHz 
Frequency 


tpHL, tpLH 
Maximum 
Propagation 
16 
30 
ns 
Delay, Clock to Q or Q 


tpHL, tpLH 
Maximum 
Propagation 
21 
42 
ns 
Delay, Preset or Clear to Q or Q 


tREM 
Minimum 
Removal 
Time, Preset or Clear to Clock 
5 
ns 


ts 
Minimum 
Set Up Time, J or K to Clock 
20 
ns 


tH 
Minimum 
Hold Time, J or K to Clock 
0 
ns 


tw 
Minimum 
Pulse Width: 
Preset, Clear or Clock 
9 
16 
ns 


AC Electrical Characteristics 


CL =50 
pF, tr=tf=6 
ns (unless 
otherwise 
specified) 


TA=25°C 
74HC 
54HC 


Symbol 
Parameter 
Conditions 
Vcc 
TA = -40 
to 85°C 
TA = -55 
to 125°C 
Units 
Typ 
Guaranteed 
LImits 


fMAX 
Maximum 
Operating 


..,. 


2.0V 
5 
4 
4 
MHz 
Frequency 
4.5V 
27 
21 
18 
MHz 
6.0V 
31 
24 
20 
MHz 


tpHL, tpLH 
Maximum 
Propagation 
2.0V 
8a 
175 
221 
261 
ns 


Delay, Clock to Q or Q 
4.5V 
18 
35 
44 
52 
ns 


6.0V 
15 
30 
37 
44 
ns 


tpHL, tpLH 
Maximum 
Propagation 
2.0V 
115 
230 
290 
343 
ns 
Delay, Preset or Clear 
4.5V 
23 
46 
58 
69 
ns 


toQorQ 
6.0V 
20 
39 
49 
58 
ns 


tREM 
Minimum 
Removal 
Time 
2.0V 
-10 
25 
32 
37 
ns 


Preset or Clear 
4.5V 
5 
5 
6 
7 
ns 


to Clock 
6.0V 
3 
4 
\ 5 
6 
ns 


ts 
Minimum 
Set Time 
2.0V 
100 
126 
119 
ns 


J or K to Clock 
4.5V 
20 
25 
30 
ns 


6.0V 
17 
21 
20 
ns 


tH 
Minimum 
Hold Time 
2.0V 
0 
0 
0 
ns 


Clock to J or K 
4.5V 
0 
0 
0 
ns 


6.0V 
0 
0 
0 
ns 


tw 
Minimum 
Pulse Width 
2.0V 
30 
80 
100 
120 
ns 


Clock, 
Preset or Clear 
4.5V 
9 
16 
20 
24 
ns 


6.0V 
8 
14 
18 
20 
ns 


ITLH, tTHL 
Output 
Rise and 
2.0V 
25 
75 
95 
110 
ns 


Fall Time 
4.5V 
7 
15 
19 
22 
ns 
6.0V 
6 
13 
16 
19 
ns 


tr,tf 
Maximum 
Input Rise and 
2.0V 
1000 
1000 
1000 
ns 
Fall Time 
4.5V 
500 
500 
500 
ns 
6.0V 
400 
400 
400 
ns 


CPO 
Power Dissipation 
(per flip-flop) 
80 
pF 


Capacitance 
(Note 5) 


CIN 
Maximum 
Input 
5 
10 
10 
10 
pF 


Capacitance 


Note 
5: CPO determines 
the 
no load dynamic 
power consumption, 
Po=Cpo 
Vcc2 
f+lcc 
Vcc. 
and the 
no load dynamic 
current 
consumption. 
IS~CPD VCC f+lcc· 


Note 6: Refer to Section 1 for Typical MM54174 HC AC Swijching 
Waveforms 
and Test Circuits. 
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MM54HC112/MM74HC112 
Dual J-K Flip-Flops with Preset and Clear 


General 
Description 
These high speed (30 MHz minimum) J-K Flip-Flops utilize 
microCMOSTMTechnology, 3.5 micron silicon gate P-well 
CMOS, to achieve the low power consumption and high 
noise immunity of standard CMOS integrated circuits, along 
with the ability to drive 10 LS-TTL loads. 
Each flip-flop has independent J, K, PRESET, CLEAR, and 
CLOCK inputs and a and a outputs. These devices are 
edge sensitive to the clock input and change state on the 
negative going transition of the clock pulse. Clear and pre- 
set are independent of the clock and accomplished by a low 
logic level on the corresponding input. 


The 54HC174HC logic family is functionally as well as pin- 
out compatible with the standard 54LS174LS logic family. 
All inputs are protected from damage due to static dis- 
charge by internal diodil clamps to Vcc and ground. 


Features 
• 
Typical propagation delay: 16 ns 
• 
Wide operating voltage range 
• 
Low input current: 1 IJoAmaximum 
• 
Low quiescent current: 40 IJoA(74HC series) 
• 
High output drive: 10 LS-TTL loads 


ClK 1 
K1 
J1 
PR1 
01 
01 
02 
GND 


TL/F/5307-1 


MM54HC112/MM74HC112 


54HC112 
(J) 
74HC112 
(J,N) 


Ci: 
CL 
•... +.... + PRESET 
CLOCK~ 


Inputs 
Outputs 


PR 
ClR 
ClK 
J 
l 
Q 
Q 


L 
H 
X 
X 
X 
H 
L 
H 
L 
X 
X 
X 
L 
H 
L 
L 
X 
X 
X 
L' 
L' 
H 
H 
. ..j. 
L 
L 
00 
aD 
H 
H 
..j. 
H 
L 
H 
L 
H 
H 
..j. 
L 
H 
L 
H 
H 
H 
..j. 
H 
H 
TOGGLE 
H 
H 
H 
X 
X 
00 
Qo 


&itm 


Ci: 
CL 
T 
T 


Absolute Maximum Ratings 
(Notes 
1 & 2) 
Operating Conditions 


Supply Voltage 
(Veel 
-0.5 
to + 7.0V 
Mln 
Max 
Units 


DC Input Voltage 
(VIN) 
-1.5 
to Vee+1.5V 
Supply Voltage(Veel 
2 
6 
V 


DC Output Voltage 
(VOUT) 
-0.5 
to Vee+ 
0.5V 
DC Input or Output Voltage 
0 
Vee 
V 


Clamp Diode Current 
(11K,10K> 
±20mA 
(VIN,VOUT) 


DC Output 
Current, 
per pin (lOUT) 
±25mA 
Operating 
Temperature 
Range(T Al 
MM74HC 
-40 
+85 
'C 
DC Vee or GND Current, 
per pin (Ieel 
±50mA 
MM54HC 
-55 
+125 
'C 
Storage 
Temperature 
Range (TSTG) 
-65'Cto 
+150'C 
Input Rise or Fall Times 
Power Dissipation 
(PD) (Note 3) 
500mW 
(tr,tl) 
Vee=2.0V 
1000 
ns 


Lead Temperature 
(T Ll (Soldering 
10 seconds) 
260'C 
Vee=4.5V 
500 
ns 


Vee=6.0V 
400 
ns 


DC Electrical Characteristics 
(Note 
4) 


TA=25'C 
74HC 
54HC 


Symbol 
Parameter 
Conditions 
VCC 
TA= 
-40 
to 85'C 
TA = -55 
to 125'C 
Units 
Typ 
Guaranteed 
Limits 


VIH 
Minimum 
High Level 
2.0V 
1.5 
1.5 
1.5 
V 


Input Voltage 
4.5V 
3.15 
3.15 
3.15 
V 


6.0V 
4.2 
4.2 
4.2 
V 


VIL 
Maximum 
Low Level 
2.0V 
0.3 
0.3 
0.3 
V 


Input Voltage 
4.5V 
0.9 
0.9 
0.9 
V 


6.0V 
1.2 
1.2 
1.2 
V 


VOH 
Minimum 
High Level 
VIN = VIH or VIL 
Output Voltage 
IIOUTI';:;20",A 
2.0V 
2.0 
1.9 
1.9 
1.9 
V 


4.5V 
4.5 
4.4 
4.4 
4.4 
V 


6.0V 
6.0 
5.9 
5.9 
5.9 
V 


VIN = VIH or VIL 
IIOUTI';:;4.0 mA 
4.5V 
4.2 
3.98 
3.84 
3.7 
V 


1i0uTI ,;:;5.2 mA 
6.0V 
5.7 
5.48 
5.34 
5.2 
V 


VOL 
Maximum 
Low Level 
VIN = VIH or VIL 
Output Voltage 
IIOUTI';:;20",A 
2.0V 
0 
0.1 
0.1 
0.1 
V 


4.5V 
0 
0.1 
0.1 
0.1 
V 


6.0V 
0 
0.1 
0.1 
0.1 
V 


VIN=VIHorVIL 
0.2 "" 
IiOUTI';:;4.0 mA 
4.5V 
0.26 
0.33 
0.4 
V 


1i0uTI ,;:;5.2 mA 
6.0V 
0.2 
0.26 
0.33 
0.4 
V 


IIN 
Maximum 
Input 
VIN=Vee 
or GND 
6.0V 
±0.1 
±1.0 
±1.0 
",A 


Current 


Ice 
Maximum 
Quiescent 
VIN = Vee or GND 
6.0V 
4.0 
40 
80 
",A 


Supply Current 
10UT=0 
",A 


Note 
1: Absolute 
Maximum 
Ratings are those values beyond which damage to the device may occur. 


Note 
2: Unless otherwise 
specified 
all voltages are referenced 
to ground. 


Note 
3: Power 
Dissipation 
temperature 
derating 
- 
plastic 
"N" 
package: 
-12 
mwrc 
from 
65°C to 85°C; 
ceramic 
"J" 
package: 
-12 
mWI'C from 
100°Cto 125'C. 
Note 4: For a power supply of 5V ± 10% the worst case outputvoltages (VOH.and VoLl occur for HC at 4.5V.Thusthe 4.5V valuesshould be used when 
designing with this supply. Worst case VIH and VIL occur at Vcc=5.5V 
and 4.5V respectively. 
(The V1Hvalue at ~.5V is 3.85V.) The worst case leakage current (IIN. 
lee. and loz) occur for CMOS at the higher voltage and so the 6.0V values should be used. 


. 


AC Electrical Characteristics 
Vcc=5V, 
TA=25'C, 
CL =15 
pF, tr=tf=6 
ns 


Symbol 
Parameter 
Conditions 
Typ 
Guaranteed 
Limit 
Units 


fMAX 
Maximum 
Operating 
50 
30 
MHz 
Frequency 


tpHL, tpLH 
Maximum 
Propagati~ 
.. 
16 
21 
ns 
Delay, Clock to Q or Q 


tpHL, tPLH 
Maximum 
Propagation 
21 
26 
ns 
Delay, Clear to Q or Q 
~ 
. 


tpHL, tpLH 
Maximum 
Propagation 
23 
28 
ns 
Delay. Preset to Q or Q 


tREM 
Minimum 
Removal 
Time, 
10 
20 
ns 
Preset or Clear to Clock 


ts 
Minimum 
Set Up Time 
14 
20 
ns 
J or K to Clock 


tH 
Minimum 
Hold Time 
-3 
0 
ns 
J or K from Clock 


tw 
Minimum 
Pulse Width 
10 
16 
ns 
Clock Preset or Clear 


AC Electrical Characteristics 
CL =50 
pF, tr=tf=6 
ns (unless 
otherwise 
specified) 


TA=25'C 
74HC 
54HC 


Symbol 
Para~eter 
Conditions 
Vcc 
TA= 
-40to 
85'C 
TA= 
-55 
to 125'C 
Units 
Typ 
Guaranteed 
Limits 


fMAX 
Maximum 
Operating 
2.0V 
9 
5 
4 
3 
MHz 
Frequency 
4.5V 
45 
27 
21 
18 
MHz 
6.0V 
53 
31 
24 
20 
MHz 


tpHL, tpLH 
Maximum 
Propagation 
2.0V 
100 
126 
160 
183 
ns 
Delay, Clock to Q or Q 
4.5V 
20 
25 
32 
37 
ns 
6.0V 
17 
21 
27 
32 
ns 


tpHL, tpLH 
Maximum 
Propagation 
2.0V 
126 
155 
191 
250 
ns 
Delay, Clear to Q or Q 
4.5V 
25 
31 
39 
47 
ns 
6.0V 
21 
26 
33 
40 
ns 


tpHL, tpLH 
Maximum 
Propagati0Q.. 
I 
2.0V 
137 
165 
210 
240 
ns 
Delay, Preset to Q or Q 
4.5V 
27 
33 
41 
50 
ns 
6.0V 
23 
28 
35 
40 
ns 


tREM 
Minimum 
Removal 
Time 
2.0V 
55 
100 
125 
150 
ns 
Preset or Clear 
4.5V 
11 
20 
25 
30 
ns 
to Clock 
'-" 
6.0V 
9.4 
17 
21 
25 
ns 


ts 
Minimum 
Set Up Time 
2.0V 
77 
100 
125 
150 
ns 
J or K to Clock 
4.5V 
15 
20 
25 
30 
ns 
6.0V 
13 
17 
21 
25 
ns 


tH 
Minimum 
Hold Time 
2.0V 
-3 
0 
0 
0 
ns 
J or K from Clock 
4.5V 
-3 
0 
0 
0 
ns 
6.0V 
-3 
0 
0 
0 
ns 


tw 
Minimum 
Pulse Width 
2.0V 
55 
80 
100 
120 
ns 
Preset, Clear or Clock 
4.5V 
11 
" 16 
20 
24 
ns 
6.0V 
9 
14 
18 
20 
ns 


tTLH. tTHL 
Maximum 
Output 
Rise 
2.0V 
30 
75 
95 
110 
ns 
and Fall Time 
4.5V 
8 
15 
19 
22 
ns 


, 
" 6.0V 
7 
13 
16 
19 
ns 


tr, tf 
Maximum 
Input Rise and 
2.0V 
1000 
1000 
1000 
ns 
Fall Time 
4.5V 
500 
500 
500 
ns 
6.0V 
400 
400 
400 
ns 


CPO 
Power Dissipation 
(per flip·flop) 
80 
pF 
Capacitance 
(Note 5) 


CIN 
Maximum 
Input Capacitance 
5 
10 
10 
10 
pF 


Note 
5: Cpo 
determines the no load dynamic power consumption, PO=CPD Vcc2 
f+lcc 
Vcc. 
and the no load dynamic current 
consumption, 


IS-Cpo Vcc f+lcc· 
Note 6: Refer to Section1 for Typical MM54174HCAC SWitchingWaveformsandTest Circuits. 


CLOCK 


RESET 


DATA 
PRESET 
PRESET 
Q 
PRESET 


INPUT 
J 
Q 
J 
J 
Q 


CLEAR 
CLEAR 
CLEAR 
••• 


0 
K 
CLOCK 
0 
K 


CLEAR 
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MM54HC113/MM74HC113 
Dual J-K Flip-Flops with Preset 


General 
Description 


These 
high 
speed 
J-K 
Flip-Flops 
utilize 
microCMOSTM 
Technology, 
3.5 
micron 
silicon 
gate 
P-well 
CMOS, 
to 
achieve 
the high noise 
immunity 
and low power 
dissipation 
of standard 
CMOS 
integrated 
circuits. 
These 
devices 
can 
drive 10 LS-TIL 
loads. 


These 
flip-flops 
are edge 
sensitive 
to the 
clock 
input 
and 
change 
state 
on the negative 
going 
transition 
of the clock 
pulse. 
Each 
one 
has independent 
J, K, CLOCK, 
and PRE- 


SET inputs 
and 0 and 0 inputs. 
PRESET 
is independent 
of 
the clock 
and accomplished 
by a low level on the input. 


The 54HC174HC 
logic family 
is functionally 
as well as pin- 
out compatible'with 
the 
standard 
54LS174LS 
logic 
family. 


All 
inputs 
are 
protected 
from 
damage 
due 
to 
static 
dis- 


charge 
by internal 
diode 
clamps 
to Vcc 
and ground. 


Features 


• 
Typical 
propagation 
delay: 
16 ns 


• 
Wide 
operating 
voltage 
range: 
2-6V 


• 
Low input current: 
1 J.LAmaximum 


• 
Low quiescent 
current: 
40 J.LA(74HC 
series) 


• 
High output 
drive: 
10 LS-TIL 
loads 


Inputs 
Outputs 


PR 
ClK 
J 
K 
0 
Q 


L 
X 
X 
X 
H 
L 


H 
-J.. 
L 
L 
00 
00 


H 
-J.. 
H 
L 
H 
L 


H 
-J.. 
L 
H 
L 
H 


H 
-J.. 
H 
H 
TOGGLE 


H 
H 
X 
X 
ao 
CO 


MM54HC113/MM74HC113 


54HC113 
(J) 
74HC113 
(J,N) 


Absolute 
Maximum Ratings 
(Notes 
1 & 2) 
Operating 
Conditions 


Supply Voltage 
(Veel 
-0.5 
to +7.0V 
Mln 
Max 
Units 


DC Input Voltage 
(VIN) 
-1.5 
to Vee+1.5V 
Supply Voltage(Veel 
2 
6 
V 


DC Output 
Voltage 
(VOUT) 
-0.5 
to Vee+0.5V 
DC Input or Output Voltage 
0 
Vce 
V 


Clamp Diode Current 
(11K. 10K) 
±20mA 
(VIN.VOUT) 


DC Output Current. 
per pin (lOUT) 
±25 
mA 
Operating 
Temperature 
Range(T IJ 
MM74HC 
-40 
+85 
·C 
DC Vee or GND Current. 
per pin (Ieel 
±50mA 
MM54HC 
-55 
+125 
·C 


Storage 
Temperature 
Range (T8TG) 
-65·Cto 
+ 150·C 
Input Rise or Fall Times 
Power Dissipation 
(PD) (Note 3) 
500mW 
(tr.tt> 
Vee=2.0V 
1000 
ns 


Lead Temperature 
(T L.l(Soldering 
10 seconds) 
260·C 
Vce=4.5V 
500 
ns 
Vce=6.0V 
400 
ns 


DC Electrical Characteristics 
(Note 
4) 


TA=25·C 
74HC 
54HC 


Symbol 
Parameter 
Conditions 
Vcc 


TA= 
-40to 
85·C 
TA = -55 
to 125"C 
Units 


Typ 
Guaranteed 
Limits 


VIH 
Minimum 
High Level 
2.0V 
1.5 
1.5 
1.5 
V 


Input Voltage 
4.5V 
3.15 
3.15 
3.15 
V 


6.0V 
4.2 
4.2 
4.2 
V 


VIL 
Maximum 
Low Level 
2.0V 
0.3 
0.3 
0.3 
V 


Input Voltage 
4.5V 
0.9 
0.9 
0.9 
V 


6.0V 
1.2 
1.2 
1.2 
V 


VOH 
Minimum 
High Level 
VIN=VIHorVIL 
Output Voltage 
liouTI:S:20 
",A 
2.0V 
2.0 
1.9 
1.9 
1.9 
V 


4.5V 
4.5 
4.4 
4.4 
4.4 
V 


6.0V 
6.0 
5.9 
5.9 
5.9 
V 


VIN = VIH or VIL 


IIOUT!:S:4.0 mA 
4.5V 
4.2 
3.98 
3.84 
3.7 
V 


IIOUTI :S:5.2 mA 
6.0V 
5.7 
5.48 
5.34 
5.2 
V 


VOL 
Maximum 
Low Level 
VIN = VIH or VIL 
Output Voltage 
IIOUTI:S:20 ",A 
2.0V 
0 
0.1 
0.1 
0.1 
V 


4.5V 
0 
0.1 
0.1 
0.1 
V 


6.0V 
0 
0.1 
0.1 
0.1 
V 


VIN=VIHorVIL 
IIOUTI:S:4.0 mA 
4.5V 
0.2 
0.26 
0.33 
, 


0.4 
V 


IIOUTI:s:5.2 mA 
6.0V 
0.2 
0.26 
0.33 
0.4 
V 


IIN 
Maximum 
Input 
VIN = Vee or GND 
6.0V 
±0.1 
±1.0 
±1.0 
",A 
Current 


Ice 
Maximum 
Quiescent 
VIN=Vee 
or GND 
6.0V 
4.0 
40 
80 
",A 
Supply Current 
IOUT=O 
",A 


Note 1: Absolute. Maximum 
Ratings are those values beyond which damage to the device may occur. 


Note 2: Unless otherwise 
specified all voltages are referenced 
to ground. 


Note 
3: Power Dissipation temperature 
derating - 
plastic "N" 
package: 
-12 
mwrc 
from 65°C to 85°C; ceramic' "J" 
package: 
-12 
mWrC from 


l00·C to 125·C. 


Nole 4: For a power supply of 5V ±10% the worst case outputvoltages(VOH.and Vou occur for HC at 4.5V.Thusthe 4.5V valuesshouldbe used when 
designingwiththissupply.WorstcaseVIHandV,Loccurat Vee~ 5.5Vand4.5Vrespectively.(TheV,Hvalueat 5.5Vis 3.85V.)Theworstcaseleakagecurrent(I'N. 
Ice. and lozl occur for CMOS at the highervoltageand so the 8.0Vvaluesshouldbe used. 


AC Electrical·Characteristics 
Vcc=5V, 
TA=25"C, 
CL =15 
pF, t,.=tf=6 
ns 


Symbol 
Parameter 
Conditions 
Typ 
Guaranteed 
Units 
Limit 


fMAX 
Maximum 
Operating 
50 
30 
MHz 
Frequency 


tpHL, tpLH 
Maximum 
Propagation 
Delay, 
16 
21 
ns 
Clock to Q or a 


tpHL, tpLH 
Maximum 
Propagation 
Delay, 
23 
28 
ns 
Preset to Q or a 
, 


tREM 
Minimum 
Removal 
Time, 
10 
20 
ns 
Preset to Clock 


ts 
Minimum 
Set Up Time, 
14 
20 
ns 
J or K to Clock 


tH 
Minimum 
Hold Time, 
-3 
0 
ns 
J or K from Clock 


tw 
Minimum 
Pulse Width, 
• 10 
16 
ns 
Preset, Clear or Clock 


AC Electrical Characteristics 
CL =5Q 
pF, tr=tf=6 
ns 
(unless 
otherwise 
specified) 


TA=25"C 
74HC 
54HC 


Symbol 
Parameter 
Conditions 
Vcc 
TA= 
-40 
to 85°C 
TA= 
-55 
to 125°C 
Units 
Typ 
Guaranteed 
Limits 


fMAX 
Maximum 
Operating 
2.0V 
8 
5 
4 
3 
MHz 
Frequency 
4.5V 
45 
27 
21 
18 
MHz 
6.0V 
53 
31 
24 
20 
MHz 


tpHL, tpLH 
Maximum 
Propagation 
2.0V 
100 
125 
160 
183 
ns 
Delay, Clock to Q or a 
4.5V 
20 
25 
32 
37 
ns 
6.0V 
17 
33 
27 
32 
ns 


tpHL, tpLH 
Maximum 
Propagation 
2.0V 
137 
165 
206 
239 
ns 
Delay, Preset to Q or a 
4.5V 
27 
33 
41 
47 
ns 
6.0V 
23 
28 
35 
40 
ns 


tREM 
Minimum 
Removal 
Time 
2.0V 
55 
100 
125 
150 
ns 
Preset to Clock 
4.5V 
11 
20 
25 
30 
ns 
6.0V 
9 
17 
21 
25 
ns 


ts 
Minimum 
Set Up Time 
2.0V 
77 
100 
125 
150 
ns 
J or K to Clock 
4.5V 
15 
20 
25 
30 
ns 
6.0V 
13 
17 
21 
25 
ns 


tH 
Minimum 
Hold Time 
2.0V 
-3 
0 
0 
0 
ns 
J or K from Clock 
4.5V 
-3 
0 
0 
0 
ns 
6.0V 
-3 
0 
0 
0 
ns 


tw 
Minimum 
Pulse Width, 
2.0V 
55 
80 
100 
120 
ns 
Preset, Clear or Clock 
4.5V 
11 
16 
20 
24 
ns 
6.0V 
9 
14 
18 
20 
ns 


tTLH, tTHL 
Maximum 
Output 
Rise 
2.0V 
30 
75 
95 
110 
ns 
and Fall Time 
4.5V 
8 
15 
19 
22 
ns 
6.0V 
7 
13 
16 
19 
ns 


t,., tf 
Maximum 
Input Rise and 
2.0V 
1000 
1000 
1000 
ns 
Fall Time 
4.5V 
500 
500 
500 
ns 
6.0V 
400 
400 
400 
ns 


CPD 
Power Dissipation 
(per flip-flop) 
80 
pF 
Capacitance 
(Note 5) 


CIN 
Maximum 
Input Capacitance 
5 
10 
10 
10 
pF 


Note 
5: CPO determines 
the 
no load 
dynamic 
power 
consumption, 
PO=CPD 
Vcc2 
f+ICC 
VCC. and the 
no load 
dynamic 
current 
consumption, 


IS=CPDVee Hlee· 


Note 6: Referto Section1 for Typical MM54/74HCAC SW~chingWaveformsand Test Circuits. 


"- 


Typical Applications 


DATAC 


COUNTER ENABL£ 


N Bit parallelload/serlalload 
shift register 


DATA A 
DATA B 
DATA C 


DATA 
PRESET 
Q 
PRESET 
Q 
INPUT 


K 
(j 
K 
CLDCK 
(j 
K 
CLDCK 


CLDCK 


~National 
~ 
semiconductor 


MM54HC123/MM74HC123 
Dual Retriggerable 
Monostable Multivibrator 


General Description 


The MM54/74HC123 
high speed 
monostable 
multivibrators 


(one 
shots) 
utilize 
microCMOSTM 
Technology, 
3.5 
micron 


silicon 
gate P-well CMOS. 
They feature 
speeds 
comparable 


to low power 
Schottky 
TIL 
circuitry 
while 
retaining 
the low 


power 
and high noise 
immunity 
characteristic 
of CMOS 
cir- 


cuits. 


Each 
multivibrator 
features 
both a negative, 
A, and a posi- 
tive, 
B, transition 
triggered 
input, 
either 
of which 
can 
be 


used as an inhibit 
input. Also 
included 
is a clear 
input that 


when 
taken 
low resets 
the 
one 
shot. 
The 
'HC123 
can 
be 


triggered 
on the 
positive 
transition 
of the 
clear 
while 
A is 


held low and B is held high. 


The 'HC123 
is retriggerable. 
That is it may be triggered 
re- 


peatedly 
while their outputs 
are generating 
a pulse and the 


pulse will be extended. 


Pulse width 
stability 
over a wide 
range 
of temperature 
and 


supply 
is achieved 
using linear CMOS 
techniques. 
The out- 


put pulse equation 
is simply: 
PW = (REXT) (CEXT); where PW 


is in seconds, 
R is in ohms, and C is in farads. 
All inputs are 


protected 
from damage 
due to static discharge 
by diodes 
to 


Vcc 
and ground. 


Features 


• 
Typical 
propagation 
delay: 
40 ns 


• 
Wide 
power 
supply 
range: 
2V -6V 


• 
Low quiescent 
current: 
80 poA maximum 
(74HC 
series) 


• 
Low input current: 
1 poA maximum 


• 
Fanout 
of 10 LS-TIL 
loads 


• 
Simple 
pulse width 
formula 
T = RC 


• 
Wide 
pulse 
range: 
400 ns to 
00 (typ) 


• 
Part to part variation: 
± 5% (typ) 


• 
Schmitt 
Trigger 
A & B inputs 
enable 
infinite 


signal 
input rise and fall times. 


Connection 
Diagram 


Dual-In-Llne Package 


MM54HC123/MM74HC123 


54HC123 (J) 
74HC123 (J,N) 


Inpu11I 
Outpu11I 


Claar 
A 
B 
Q 
l:l 


L 
X 
X 
L 
H 
X 
H 
X 
L 
H 


X 
X 
L 
L 
H 


H 
L 
t 
J1. 
L.r 


H 
.l. 
H 
J1. 
L.r 


t 
L 
H 
J1. 
L.r 


Vet 


~~ 


TOem 
TO~/em 
TERMINAL 
TERMINAL 


H - 
High Level 


L = Low Level 
t = Transition from Low to High 
.l. = Transition from High to Low 


J1. = One High Level Pulse 
L.r ~ One Low Lavel Pulse 


X = 
Irrelevant 


Absolute Maximum Ratings (Notes 
1 & 2) 
Operating Conditions 


Supply Voltage 
(Vee) 
-0.5V 
to + 7.0V 
Mln 
Max 
Units 


DC Input Voltage 
(VIN) 
-1.5V 
to Vee+1.5V 
Supply Voltage(Vecl 
2 
6 
V 


DC Output 
Voltage 
(VOUT) 
- 0.5V to Vee + 0.5V 
DC Input or Output Voltage 
0 
Vcc 
V 


Clamp Diode Current 
(11K, 10K) 
±20mA 
(VIN.VOUT) 


DC Output Current. 
per pin (lOUT) 
±25 
mA 
Ilperating 
Temperature 
Range(T A> 
MM74HC 
-40 
+85 
'c 
DC Vee or GND Current. 
per pin (Ieel 
±50mA 
MM54HC 
-55 
+125 
'c 


Storage 
Temperature 
Range (TSTG) 
-65'Cto 
+ 150'C 
Input Rise or Fall Times (Clear Input) 
Power Dissipation 
(Po) (Note 3) 
500mW 
(tr.tll 
Vee=2.0V 
1000 
ns 


Lead Temperature 
(TLl (Soldering 
10 seconds) 
260'C 
Vcc=4.5V 
500 
ns 
Vcc=6.0V 
400 
ns 


DC Electrical Characteristics 
(Note 
4) 


TA=25'C 
74HC 
54HC 


Symbol 
Parameter 
Conditions 
VCC 
TA= 
-40to 
85'C 
TA = -55 
to 125'C 
Units 
Typ 
Guaranteed 
Limits 


VIH 
Minimum 
High Level Input 
2.0V 
1.5 
1.5 
1.5 
V 


Voltage 
4.5V 
3.15 
3.15 
3.15 
V 


6.0V 
4.2 
4.2 
' 4.2 
V 


VIL 
Maximum 
Low Level Input 
2.0V 
0.3 
0.3 
0.3 
V 


Voltage 
4.5V 
0.9 
0.9 
0.9 
V 


6.0V 
1.2 
1.2 
1.2 
V 


VOH 
Minimum 
High Level 
VIN=VIHorVIL 


Output Voltage 
IIOUTI:5: 20 IJ-A 
2.0V 
2.0 
1.9 
1.9 
1.9 
V 


4.5V 
4.5 
4.4 
4.4 
4.4 
V 


6.0V 
6.0 
5.9 
5.9 
5.9 
V 


VIN=VIHorVIL 
V 


IIOUTI:5: 4.0 mA 
4.5V 
4.2 
3.98 
3.84 
3.7 
V 


IIOUTI:5: 5.2 mA 
6.0V 
5.7 
5.48 
5.34 
5.2 
V 


VOL 
Maximum 
Low Level 
VIN = VIH or VIL 


Output 
Voltage 
IIOUTI:5:20 IJ-A 
2.0V 
0 
0.1 
0.1 
0.1 
V 


4.5V 
0 
0.1 
0.1 
0.1 
V 


6.0V 
0 
0.1 
0.1 
0.1 
V 


VIN = VIH or VIL 
V 


IloUTI:5:4mA 
4.5V 
0.2 
0.26 
0.33 
0.4 
V 


IIOUTI :5:5.2 mA 
6.0V 
0.2 
0.26 
0.33 
0.4 
V 


IIN 
Maximum 
Input Current 
VIN=Vee 
or GND 
6.0V 
±0.5 
±5.0 
±5.0 
IJ-A 
(Pins 7. 15) 


IIN 
Maximum 
Input Current 
VIN=Vee 
or GND 
6.0V 
±0.1 
±1.0 
±1.0 
IJ-A 
(All other pins) 


Ice 
Maximum 
Quiescent 
Supply 
VIN=VeeorGND 
6.0V 
8.0 
80 
160 
IJ-A 


Current 
(Standby) 
IOUT=O IJ-A 


Ice 
Maximum 
Active Supply 
VIN=VeeorGND 
2.0V 
36 
80 
110 
130 
IJ-A 
Current 
(per 
RIC EXT=0.5Vee 
4.5V 
0.33 
1.0 
1.3 
1.6 
mA 
monostable) 
6.0V 
0.7 
2.0 
2.6 
3.2 
mA 


Not8 
1: Maximum 
Ratings are those values beyond which damage to the device may occur. 


Note 2: Unless otherwise 
specified 
all voltages are referenced 
to ground. 


Note 3: Power Dissipation Temperature 
Derating: 


Plastic"N" Package:-, 2mWrc from 65°Cto 85°C 
Ceramic"J" Package:-12mWrC 
from 100°Cto 125°C. 


Note 4: Fora powersupplyof 5V ± 10% theworst-caseoutputvoltages(VOH.Vou occurfor HC at 4.5V.Thusthe 4.5Vvaluesshouldbe usedwhendesigning 
with this supply. Worst-case 
V1Hand VIL occur at VCC= 5.5V and 4.5V respectively. 
(The VIH value at 5.5V is 3.85V.) The worst-case 
leakage current (IIN. Ice. and 
IOzJoccur for CMOSat the highervoltageand so the 6.0Vvaluesshouldbe used. 


AC Electrical Characteristics 
Vcc=5V, 
TA=25°C, 
CL =15 
pF, tr=tf=6 
ns 


Symbol 
Parameter 
Conditions 
Typ 
Limit 
Units 


tpLH 
Maximum 
Trigger 
Propagation 
Delay 
22 
33 
ns 
A, B or Clear to Q 


tpHL 
Maximum 
Trigger 
Propagation 
Delay 
25 
42 
ns 
A, B or Clear to Q 


tPHL 
Maximum 
Propagation 
Delay, Clear to Q 
. 
20 
27 
ns 


tpLH 
Maximum 
Propagation 
Delay, Clear to Q 
22 
33 
ns 


tw 
Minimum 
Pulse Width, A, B or Clear 
14 
26 
ns 


tREM 
Minimum 
Clear Removal 
Time 
0 
ns 


tWQ(MIN) 
Minimum 
Output 
Pulse Width 
CEXT=28 
pF 
400 
ns 


REXT=2 
kO 


tWQ 
Output 
Pulse Width 
CEXT=1000 
pF 
10 
/-'S 
REXT=10 
kO 


AC Electrical 
Characteristics 
CL =50 
pF tr=tf=6 
ns (unless 
otherwise 
specified) 


_ 
° 
74HC 
54HC 


Symbol 
Parameter 
Conditions 
Vcc 
TA - 25 C TA = -40 
to 85°C 
TA = -55 
to 125°C 
Units 
Typ 
Guaranteed 
Limits 


tpLH 
Maximum 
Trigger 
Propagation 
2.0V 
77 
169 
194 
210 
ns 


Delay, A, B or Clear to Q 
4.5V 
26 
42 
51 
57 
ns 


6.0V 
21 
32 
39 
44 
ns 


tPHL 
Maximum 
Trigger 
Propagation 
2.0V 
88 
197 
229 
250 
ns 


Delay, A, B or Clear to Q 
4.5V 
29 
48 
60 
67 
ns 


6.0V 
24 
38 
46 
51 
ns 


tpHL 
Maximum 
Propagation 
Delay 
2.0V 
54 
114 
132 
143 
ns 


CleartoQ 
4.5V 
23 
34 
41 
45 
ns 


6.0V 
19 
28 
33 
36 
ns 


tpLH 
Maximum 
Propagation 
Delay 
2.0V 
56 
116 
135 
147 
ns 


Clear to Q 
4.5V 
25 
36 
42 
46 
ns 


6.0V 
20 
29 
34 
37 
ns 


tw 
Minimum 
Pulse Width 
2.0V 
57 
123 
144 
157 
ns 
A, B, Clear 
4.5V 
17 
39 
37 
42 
ns 


6.0V 
12 
21 
27 
30 
ns 


tREM 
Minimum 
Clear 
2.0V 
0 
0 
0 
ns 


Removal 
Time 
4.5V 
0 
0 
0 
ns 


6.0V 
0 
0 
0 
ns 


tTLH, tTHL 
Maximum 
Output 
2.0V 
75 
95 
110 
ns 
Rise and Fall Time 
4.5V 
15 
19 
22 
ns 


6.0V 
.13 
16 
19 
ns 


tWQ(MIN) 
Minimum 
Output 
CEXT=28pF 
2.0V 
1.5 
/-,S 
Pulse Width 
REXT=2 
kO 
4.5V 
450 
ns 


REXT=6 
kO (Vcc=2V) 
6.0V 
380 
ns 


tWQ 
Output 
Pulse Width 
CEXT=0.1/-,F 
Min 
4.5V 
1 
0.9 
ms 


REXT=10 
kO 


.- 
Max 
4.5V 
1 
1.1 
ms 


CIN 
Maximum 
Input 
12 
20 
20 
20 
pF 
Capacitance 
(Pins 7 & 15) 


CIN 
Maximum 
Input 
6 
10 
10 
10 
pF 
Capacitance 
(Other Inputs) 


Nole 
5: Refer to Section 1 for Typical MM54174HC 
AC SWitching Waveforms 
and Test Circuits. 


CD 
CD 
CD 
A-fl 
rul__ n 
_ 


CDU--------- 


CD 
CD 
-------------------LJ----- 
CLEAR 


<I>POSITIVE EDGE TRIGGER 


cI> NEGATIVE EDGE TRIGGER 


cI> POSmVE 
EDGE TRIGGER 


6> POSITIVE EDGE RE-TRIGGER (PULSE LENGTHENING) 


<Il RESET PULSE SHORTENING 


cI> CLEAR TRIGGER ('HC123, 'HC221 ONLY) 


FIGURE 1. 


TRIGGER 
OPERATION 


As shown 
in Figure 
1 and the logic diagram 
before 
an input 


trigger occurs, 
the one shot is in the quiescent 
state with the 
o output 
low, 
and 
the 
timing 
capacitor 
CEXT completely 
charged 
to VCC' When the trigger 
input A goes from Vcc 
to 
GND (while inputs 
B and clear are held to Vccl 
a valid trig- 
ger 
is recognized, 
which 
turns 
on comparator 
C1 and 
N- 
Channel 
transistor 
N1 CD. At the same time the output 
latch 


is set. With transistor 
N1 on, the capacitor 
CEXT rapidly 
dis- 
charges 
toward 
GND 
until VREFl 
is reached. 
At this 
point 


the output 
of comparator 
C1 changes 
state 
and transistor 
N1 turns off. Comparator 
C1 then turns off while at the same 


time comparator 
C2 turns on. With transistor 
N1 off, the ca- 
pacitor 
CEXT begins 
to charge 
through 
the timing 
resistor, 


REXT, toward 
Vcc. 
When 
the voltage 
across 
CEXT equals 


VREF2, comparator 
C2 changes 
state 
causing 
the 
output 


latch to reset (0 goes low) while at the same time disabling 
comparator 
C2. This ends the timing cycle with the monosta- 
ble in the quiescent 
state, waiting 
for the next trigger. 


A valid trigger 
is also recognized 
when trigger 
input B goes 


from GND to VCC (while input A is at GND and input clear is 
at Vcc®. 
The 
'HC123 
can 
also 
be triggered 
when 
clear 
goes 
from 
GND 
to VCC (while 
A is at GND 
and 
B is at 


VCC@·) 


It should 
be noted 
that 
in the quiescent 
state 
CEXT is fully 


charged 
to Vcc causing 
the current 
through 
resistor 
REXT to 
be zero. 
Both 
comparators 
are "off" 
with 
the total 
device 


current 
due 
only 
to 
reverse 
junction 
leakages. 
An 
added 


feature 
of 
the 
'HC123 
is that 
the 
output 
latch 
is set 
via 


Typical 
Output 
Pulse 
Width 
VS. 


Timing 
Components 


10m 


the 
input 
trigger 
without 
regard 
to 
the 
capacitor 
voltage. 


Thus, propagation 
delay from trigger 
to 0 is independent 
of 
the value of CEXT, REXT, or the duty cycle of the input wave- 
form. 


RETRIGGER 
OPERATION 


The 
'HC123 
is retriggered 
if a valid 
trigger 
occurs 
® fol- 
lowed 
by another 
trigger 
@ 
before 
the 
0 
output 
has 
re- 


turned 
to the quiescent 
(zero) state. 
Any retrigger, 
after the 
timing 
node voltage 
at pin or has begun 
to rise from VREF1, 


but has not yet reached 
VREF2, will cause 
an increase 
in 
output 
pulse 
width 
T. When 
a valid 
retrigger 
is initiated 
@, 


the voltage 
at the R/CEXT 
pin will again drop to VREFl be- 


fore progressing 
along 
the RC charging 
curve 
toward 
Vcc. 


The 0 output 
will remain 
high until time T, after the last valid 
retrigger. 


RESET OPERATION 


These 
one shots 
may be reset during the generation 
of the 


output 
pulse. 
In the reset mode 
of operation, 
an input pulse 
on clear sets the reset latch and causes 
the capacitor 
to be 


fast charged 
to Vcc 
by turning 
on transistor 
01 
@. When 
the voltage 
on the capacitor 
reaches 
VREF2, the reset latch 
will clear and then 
be ready to accept 
another 
pulse. 
If the 
clear 
input is held low, any trigger 
inputs 
that occur 
will be 


inhibited 
and the 
0 
and a outputs 
of the output 
latch 
will 


not change. 
Since 
the 0 output 
is reset when 
an input 
low 


level 
is detected 
on the Co input, 
the output 
pulse 
T can 


be made significantly 
shorter 
than the minimum 
pulse width 


specification. 


Typical 
Distribution 
of Output 
Pulse Width, 
Part to Part 
w 
1.2 
u 
Vee- 5V 
I 


1.0 T.=25"C 
Rm=10 k[J V, 


0.8 
Cm =0.1 "F 


<> 
II 
\ 
>-u 
0.6 
z 


=> 
<> 
0.4 
'" 
I 
\ 
~ 
w> 
0.2 


~ 
~V 
I' 
0 
0.92 
0.96 
1.00 
1.04 
1.06 
OUTPUT 
PULSEWIDTH(m,) 


TL/F/5206-8 


0.01" 
0.1" 
1" 


TIMINGCAPllCITOR 
(F) 


TLiF/5206-7 


Minimum 
REXT VS. 
Supply 
Voltage 
i 
a: 
6 
~ 
l 
~ 
5 
1\ 
co 
4 
z 
\WORST-CASE 
lE 
;:: 
3 
8 
~ 
a: 
2 
• 
"' .•.. 
TYPICALI""" 
::>• 
1 
li 
."'i-~- 
• 


2 
3 
4 
5 
6 
POWER 
SUPI'lY(V) 


TLiF/5206-10 


Typical 
1ms Pulse 
Width 
Variation 
vs. Supply 
5 
4 
T.=25"C 
Rm =10 k[J 
$ 
3 
Cm =O.l"F 
~ 
2 


~ 
1 


~ 
0 
..,1""" 
•... 
-1 
.JI' 
~ -2 
~ -3 


-4 
-5 
1 
2 
3 
4 
5 
6 
7 


POWER 
SUPPLY(V) 


Typical 
1ms Pulse 
Width 
Variation 
VS. Temperature 


1.0 


0.8 


~ 
0.6 
z 
0.4 


<> 
~ 
0.2 


~ 
0 
~ 
-0.2 


~ 
-0.4 
~ 
-0.6 
-0.8 
-1.0 


-55 
-15 
25 
65 
105125 
TEMPERATURE 
("CI 


~National 
~ 
semiconductor 


MM54HC125/MM74HC125 
MM54HC126/MM74HC126 
TRISTATE® QUAD BUFFERS 


General 
Description 


These 
are general 
purpose 
TRI-STATE 
high speed 
non-in- 
verting 
buffers 
utilize microCMOSTM 
technology, 
3.5 micron 
silicon 
gate P-well CMOS. They have high drive current 
out- 
puts which 
enable 
high speed 
operation 
even when 
driving 
large 
bus 
capacitances. 
These 
circuits 
possess 
the 
low 
power 
dissipation 
of CMOS 
circuitry, 
yet have speeds 
com- 
parable 
to low power Schottky 
TTL circuits. 
Both circuits 
are 
capable 
of driving 
up to 15 low power 
Schottky 
inputs. 


The 
MM54HC125/MM74HC125 
require 
the 
TRI-STATE 
control 
input 
C to be taken 
high to put the output 
into the 
high 
impedance 
condition, 
whereas 
the 
MM54HC126/ 
MM74HC126 
requires 
the control 
input to be low to put the 
output 
into high impedance. 


All 
inputs 
are 
protected 
from 
damage 
due 
to 
static 
dis- 
charge 
by diodes 
to Vcc 
and ground. 


Connec~ionDiagrams 


Dual-In-Llne 


Vcc 
C4 
A4 
Y4 
C3 
A3 


14 
13 
12 
11 
10 
9 


7 


GND 


Inputs 
Output 


A 
C 
Y 


H 
L 
H 


L 
L 
L 


X 
H 
Z 


Features 


• 
Typical 
propagation 
delay: 
13 ns 


• 
Wide 
operating 
voltage 
range: 
2-6V 


• 
Low input current: 
1 ,...A maximum 


• 
Low quiescent 
current: 
80 ,...A maximum 
(74HC) 


• 
Fanout 
of 15 LS-TTL 
loads 


Dual-In-Line 


VCC 
C4 
A4 
Y4 
C3 
A3 
Y3 


7 


GND 


Inputs 
Output 


A 
C 
Y 


H 
H 
H 


L 
H 
L 


X 
L 
Z 


Absolute Maximum Ratings 
(Notes 
1 & 2) 
Operating Conditions 


Supply Voltage 
(Vee) 
-0.5 
to + 7.0V 
Mln 
Max 
Units 


DC Input Voltage 
(VIN) 
-1.5 
to Vee+1.5V 
Supply Voltage(Vee) 
2 
6 
V 


DC Output Voltage 
(Vour) 
- 0.5 to Vee + 0.5V 
DC Input or Output Voltage 
0 
Vee 
V 


Clamp Diode Current 
(11K,10K> 
±20mA 
(VIN,Vour) 


DC Omput Current, 
per pin (lour) 
±25mA 
Operating 
Temperature 
Range(T Al 
MM74HC 
-40 
+85 
·C 
DC Vee or GND Current, 
per pin (led 
±50mA 
MM54HC 
-55 
+125 
·C 


Storage 
Temperature 
Range (TsrG) 
-65·C 
to + 150·C 
Input Rise or Fall Times 


Power Dissipation 
(Po) (Note 3) 
500mW 
(tr,tf) 
Vee=2.0V 
1000 
ns 


Lead Temperature 
(TLJ (Soldering 
10 seconds) 
260·C 
Vee=4.5V 
500 
ns 


Vee=6.0V 
400 
ns 


DC Electrical Characteristics 
(Note 
4) 


TA=25·C 
74HC 
54HC 


Symbol 
Parameter 
Conditions 
Vcc 
TA = -40 
to 85·C 
TA = -55 
to 125·C 
Units 


Typ 
Guaranteed 
Limits 


VIH 
Minimum 
High Level 
2.0V 
1.5 
1.5 
1.5 
V 


Input Voltage 
4.5V 
3.15 
3.15 
3.15 
V 


6.0V 
4.2 
4.2 
4.2 
V 


VIL 
Maximum 
Low Level 
2.0V 
0.3 
0.3 
0.3 
V 


Input Voltage 
4.5V 
0.9 
0.9 
0.9 
V 


6.0V 
1.2 
1.2 
1.2 
V 


VOH 
Minimum 
High Level 
VIN = VIH or VIL 


Output Voltage 
Ilourl:5:20 
/LA 
2.0V 
2.0 
1.9 
1.9 
1.9 
V 


4.5V 
4.5 
4.4 
4.4 
4.4 
V 


6.0V 
6.0 
5.9 
5.9 
5.9 
V 


VIN = VIH or VIL 


Iiourl 
:5:6.0 mA 
4.5V 
4.2 
3.98 
3.84 
3.7 
V 


Iiourl 
:5:7.8 mA 
6.0V 
5.7 
5.74 
5.48 
5.2 
V 


VOL 
Maximum 
Low Level 
VIN=VIHorVIL 


Output Voltage 
Ilourl:5:20 
/LA 
2.0V 
0 
0.1 
0.1 
0.1 
V 


4.5V 
0 
0.1 
0.1 
0.1 
V 


6.0V 
0 
0.1 
0.1 
0.1 
V 


VIN=VIH 
orVIL 


Iiourl 
:5:6.0 mA 
4.5V 
0.2 
0.26 
0.33 
0.4 
V 


!tourl:5:7.8 
mA 
6.0V 
0.2 
0.26 
0.33 
0.4 
V 


loz 
Maximum 
Tri-State 
VIN = VIH or VIL 
6.0V 
±0.5 
±5 
±10 
/LA 
Output 
Leakage 
Vour=VeeorGND 


Currrent 
Cn = Disabled 


IIN 
Maximum 
Input 
VIN = Vee or GND 
6.0V 
±0.1 
±1.0 
±1.0 
/LA 
Current 


Ice 
Maximum 
Quiescent 
VIN=VeeorGND 
6.0V 
8.0 
80 
160 
/LA 
Supply Current 
10ur=0 
/LA 


Note 1: Absolute 
Maximum 
Ratings are those values beyond whdl damage to the device may occur. 


Note 2: Unless otherwise 
specified all voltages 
are referenced 
to ground. 


Note 
3: Power 
Dissipation 
temperature 
derating 
- 
plastic 
uN" package: 
-12 
mwrc 
from 
65°C 
to 85°C; 
ceramic 
"J" 
package: 
-12 
mwrc 
from 
100'C to 125·C. 


Note 4: For a power supply of 5V ±10% 
the worst case outputvoltages (VOH. and Vou 
occur for HC at 4.5V. rhus the 4.5V valuesshouldbe used when 
designingwiththissupply.WorstcaseV,H andV,L occurat Vee = 5.5V and4.5V respectively.(TheV,H valueat 5.5V Is3.85V.) rhe worstcaseleakagecurrent(I'N. 
Ice. and 'ozl occur for CMOS at the highervoltageand so tI1e6.0V valuesshouldbe used. 


AC Electrical 
Characteristics 


Vcc=5V. 
TA=25'C. 
CL =45 
pF. t,=tf=6 
ns 


Symbol 
Parameter 
Conditions 
Typ 
Guaranteed 
Units 
Limit 


tpHL. tpLH 
Maximum 
13 
·18 
ns 


Propagation 
Delay Time 


tpZH 
Maximum 
RL =1 kO 
13 
25 
ns 


Output 
Enable Time to High Level 


tpHZ 
Maximum 
RL =1 kO 
17 
25 
ns 


Output 
Disable Time from High Level 
CL =5 
pF 


tpZL 
Maximum 
RL =1 kO 
18 
25 
ns 


Output 
Enable Time to Low Level 


tpLZ 
Maximum 
RL =1 kO 
13 
25 
ns 


Output 
Disable Time from Low Level 
CL =5 
pF 


AC Electrical 
Characteristics 


Vcc=2.0V 
to 6.0V. CL =50 
pF. tr=tf=6 
n.s (unless 
otherwise 
specified) 


Temperature 
'C 


Symbol 
Parameter 
Conditions 
Vcc 
54HC174HC 
74HC 
54HC 
Units 
TA=25'C 
-40t085'C 
-55 
to 125'C 


Typ 
Guaranteed 
Limits 


tpHL. tpLH 
Maximum 
Propagation 
2.0V 
30 
100 
125 
150 
ns 


Delay Time 
4.5V 
10 
20 
25 
30 
ns 


6.0V 
8 
17 
21 
25 
ns 


tpLH. tpHL 
Maximum 
Propagation 
CL =150 
pF 
2.0V 
35 
130 
163 
195 
ns 


Delay Time 
4.5V 
14 
26 
33 
39 
ns 


6.0V 
12 
22 
28 
33 
ns 


tpZH. tpZL 
Maximum 
Output 
RL =1 kO 
2.0V 
25 
125 
156 
188 
ns 


Enable Time 
4.5V 
14 
25 
31 
38 
ns 


6.0V 
12 
21 
26 
31 
ns 


tPHZ. tpLZ 
Maximum 
Output 
RL =1 kO 
2.0V 
25 
125 
156 
188 
ns 


Disable Time 
4.5V 
14 
25 
31 
38 
ns 


6.0V 
12 
21 
26 
31 
ns 


tpZL. tpZH 
Maximum 
Output 
CL =150 
pF 
2.0V 
35 
140 
175 
210 
ns 


Enable Time 
RL =1 kO 
4.5V 
15 
28 
35 
42 
ns 


6.0V 
13 
24 
30 
36 
ns 


tTLH. tTHL 
Maximum 
Output 
CL =50 
pF 
2.0V 
30 
60 
75 
90 
ns 


Rise and Fall 
4.5V 
7 
12 
15 
18 
ns 


Time 
6.0V 
6 
10 
13 
15 
ns 


CIN 
Input Capacitance 
'5 
10 
10 
10 
pF 


COUT 
Output 
Capacitance 
Outputs 
15 
20 
20 
20 
pF 


CPO 
Power Dissipation 
(per gate) 


Capacitance 
(Note 5) 
Enabled 
45 
pF 


Disabled 
6 
pF 


Note 5: CPO determines the no load dynamic powar consumption, PO-CPO Vcc2 f+lcc 
Vcc. and the no load dynamic current consumption, 


Is=Cpo VCCf+lcc· 
Note 6: Refer to Section1 for TypicalMM54174HCAC SW~chingWaveformsandTest Circuits. 


~National 
~ 
semiconductor 


MM54HC132/MM74HC132 
Quad 2-lnput 
~AND Schmitt Trigger 


General 
Description 
The 
MM54HC132/MM74HC132 
utilizes 
microCMOSTM 
Technology, 3.5 micron silicon gate P-well CMOS, to 
achieve the low power dissipation and high noise immunity 
of standard CMOS, as well as the capability to drive 10 LS· 
TIL loads. 
The 54HC174HC logic family is functionally and pinout com- 
patible with the standard 54LS/74LS logic family. All inputs 
are protected from damage due to static discharge by inter- 
nal diode clamps to Vcc and ground. 


Features 


• 
Typical propagation delay: 12 ns 
• 
Wide power supply range: 2V-6V 
• 
Low quiescent current: 20 ",A maximum (74HC series) 


• 
Low input current: 1 ",A maximum 
• 
Fanout of 10 LS-TIL loads 
• 
Typical hysteresis voltage: 0.9V at Vcc=4.5V. 


A4 
83 
A3 
Y3 


8 


MM54HC132/MM74HC132 


54HC132 
(J) 
74HC132 
(J,N) 


81 
(2) 


A2 14) 


82 
(5) 


19) 
A3 


Absolute Maximum Ratings (Notes 
1 & 2) 
Operating Conditions 


Supply Voltage 
(Veel 
-0.5 
to + 7.0V 
Mln 
Max 
Units 


DC Input Voltage 
(VIN) 
-1.5 
to Vee+1.5V 
Supply Voltage(Veel 
2 
6 
V 


DC Output Voltage 
(VOUT) 
-0.5 
to Vee+0.5V 
DC Input or Output Voltage 
0 
Vcc 
V 


Clamp Diode Current 
(11K, 10K) 
±20mA 
(VIN,VOUT) 


DC Output 
Current, 
per pin (lOUT) 
±25mA 
Operating 
Temperature 
Range(T A> 
MM74HC 
-40 
+85 
'C 


DC Vee or GND Current, 
per pin (Ieel 
±50mA 
MM54HC 
-55 
+125 
'C 


Storage 
Temperature 
Range (TSTG) 
-65'C 
to + 150'C 


Power Dissipation 
(Po) (Note 3) 
500mW 


Lead Temperature 
(TLl (.Soldering 10 seconds) 
260'C 


DC Electrical Characteristics 
(Note 
4) 


TA=2S'C 
74HC 
S4HC 


Symbol 
Parameter 
Conditions 
Vcc 
TA= 
-40 
to 8S'C 
TA= 
-SSto12S'C 
Units 
Typ 
Guaranteed 
Limits 


VT+ 
Positive 
Min 
2.0V 
1.0 
0.95 
0.95 
V 


Going Threshold 
Voltage 
Max 
1.5 
1.5 
1.5 
V 


Min 
4.5V 
2.30 
2.25 
2.25 
V 
Max 
3.15 
3.15 
3.15 
V 


Min 
6.0V 
3.0 
2.95 
2.95 
V 
Max 
4.2 
4.2 
4.2 
V 


VT- 
Negative 
Min 
2.0V 
0.3 
0.3 
0.3 
V 


Going Threshold 
Voltage 
Max 
0.8 
0.85 
0.85 
V 


Min 
4.5V 
0.9 
0.9 
0.9 
V 


Max 
2.0 
2.05 
2.05 
V 


Min 
6.0V 
1.2 
1.2 
1.2 
V 
Max 
2.3 
2.35 
2.35 
V 


VH 
Hysterisis 
Voltage 
Min 
2.0V 
0.2 
0.2 
0.2 
V 


Max 
2.0V 
1.2 
1.2 
1.2 
V 


Min 
4.5V 
0.4 
0.4 
0.4 
V 
Max 
4.5V 
2.25 
2.25 
2.25 
V 


Min 
6.0V 
0.6 
0.6 
0.6 
V 


Max 
6.0V 
3.0 
3.0 
3.0 
V 


VOH 
Minimum 
High Level 
VIN = VIH or VIL 


Output Voltage 
liouTI s 20 /LA 
2.0V 
2.0 
1.9 
1.9 
1.9 
V 


4.5V 
4.5 
4.4 
4.4 
4.4 
V 


6.0V 
6.0 
5.9 
5.9 
5.9 
V 


VIN = VIH or VIL 
jIOUTIS4.0 
mA 
4.5V 
4.2 
3.98 
3.84 
3.7 
V 
lOUT s5.2 
mA 
6.0V 
5.7 
5.48 
5.34 
5.2 
V 


VOL 
Maximum 
Low Level 
VIN = VIH or VIL 


Output Voltage 
IIOUTIs20 
/LA 
2.0V 
0 
0.1 
0.1 
0.1 
V 


4.5V 
0 
0.1 
0.1 
0.1 
V 


6.0V 
0 
0.1 
0.1 
0.1 
V 


VIN = VIH or VIL 


IIOUTI s4.0 
mA 
4.5V 
0.2 
0.26 
0.33 
0.4 
V 
lOUT s5.2 
mA 
6.0V 
0.2 
0.26 
0.33 
0.4 
V 


IIN 
Maximum 
Input 
VIN=VeeorGND 
6.0V 
±0.1 
±1.0 
±1.0 
/LA 


Current 


Ice 
Maximum 
Quiescent 
VIN=Vee 
or GND 
6.0V 
2.0 
20 
40 
/LA 


Supply Current 
IOUT=O 
/LA 


Note 
1: Absolute 
Maximum 
Ratings are those values beyond which damage to the device may occur. 


Note 
2: Unless otherwise 
specified all voltages are referenced 
to ground. 


Note 
3: Power 
Dissipation 
temperature 
derating 
- 
plastic 
'IN" 
package: 
-12 
mwrc 
from 
65°C 
to 85°C; 
ceramic 
"J" 
package: 
-12 
mWI'C 
from 
100'C to 125·C. 


Note 
4: For a power supply of SV ±10% 
the worst case output voltages 
(VOH, and Vou occur for He at 4.5V. Thus the 4.5V values should be used when 
designing with this supply. Worst case VtH and VIL occur at Vcc= 
5.5V and 4.5V respectively. 
(The V1Hvalue at 5.5V is 3.85V.) The worst case leakage current (IIN. 
ICC. and loz) occur for CMOS at the higher voltage and so the 6.0V values should be used. 


AC Electrical 
Characteristics 


Vcc=5V. 
TA=25°C. 
CL =15 
pF. tr=tf=6 
ns 


Symbol 
Parameter 
Conditions 
Typ 
Guaranteed 
Units 
Limit 


tpHL. tpLH 
Maximum 
Propagation 
12 
20 
ns 


Delay 


AC Electrical 
Characteristics 


Vcc=2.0V 
to 6.0V. CL =50 
pF.t,.=tf=6 
ns (unless 
otherwise 
specified) 


TA=25°C 
74HC 
54HC 


Symbol 
Parameter 
Conditions 
Vcc 
TA = -40 
to 85°C 
TA= 
-55 
to 125°C 
Units 
Typ 
Guaranteed 
Limits 


tPHL. tpLH 
Maximum 
Propagation 
2.0V 
63 
125 
158 
186 
ns 


Delay 
4.5V 
13 
25 
32 
37 
ns 


6.0V 
11 
21 
27 
32 
ns 


tTLH. tTHL 
Maximum 
Output 
Rise 
2.0V 
30 
75 
95 
110 
ns 


and Fall Time 
4.5V 
8 
15 
19 
22 
os 


6.0V 
7 
13 
16 
19 
ns 


CpO 
Power Dissipation 
(per gate) 
pF 


Capacitance 
(Note 5) 


CIN 
Maximum 
Input 
5 
10 
10 
pF 


Capacitance 


Note 
5: CPD determines 
the 
no load 
dynamic 
power 
consumption, 
PD=CPD 
Vcc2 
1+lcc 
Vcc. 
and the 
no 
load dynamic 
current 
consumption, 


Is=CPD Vcc f+lcc· 


Note &: Refer to Section 1 for Typical MM54174 HC AC Switching 
Waveforms 
and Test Circuits. 


~National 
~ 
semiconductor 


MM54HC133/MM74HC13313-lnput 
NAND Gate 


General 
Description 


This NAND gate utilizes 
microCMOSTM 
Technology, 
3.5 mi- 


cron silicon gate P-well CMOS, to achieve 
operating 
speeds 


similar 
to LSTTL 
gates with the low power 
consumption 
of 


standard 
CMOS 
integrated 
circuits. 
All gates 
have buffered 


outputs. 
All devices 
have high noise immunity 
and the ability 


to drive 
10 LSTTL 
loads. 
The 
54HC/74HC 
logic 
family 
is 


functionally 
as well as pin-out 
compatible 
with the standard 


54LS174LS 
logic family. 
All inputs 
are protected 
from 
dam- 


age due to static discharge 
by internal 
diode clamps 
to Vcc 


and ground. 


Features 


• 
Typical 
propagation 
delay: 
20 ns 


• 
Wide 
power 
supply 
range: 2-6V 


• 
Low quiescent 
current: 
20 p.A maximum 
(74HC 
series) 


• 
Low input current: 
1 p.A maximum 


• 
Fanout 
of 10 LS-TTL 
loads 


MM54HC133/MM74HC133 
54HC133 (J) 
74HC133 (J,N) 


Absolute Maximum Ratings 
(Notes 
1 & 2) 
Operating Conditions 


Supply Voltage 
(Vce) 
-0.5 
to + 7.0V 
Mln 
Max 
Units 


DC Input Voltage 
(VIN) 
-1.5toVce+1.5V 
Supply Voltage(Vce) 
2 
6 
V 


DC Output Voltage 
(VOUT) 
-0.5 
to Vce+0.5V 
DC Input or Output Voltage 
0 
Vce 
V 


Clamp Diode Current 
(11K. 10K> 
±20mA 
(VIN.VOUT) 


DC Output 
Current. 
per pin (lOUT) 
±25mA 
Operating 
Temperature 
Range(T IV 
MM74HC 
-40 
+85 
·C 
DC VCC or GND Current. 
per pin (Ice) 
±50mA 
MM54HC 
-55 
+125 
·C 


Storage 
Temperature 
Range (T8TG) 
- 65·C to + 150·C 
I~put Rise or Fall Times 


Power Dissipation 
(Po) (Note 3) 
500mW 
(t.-.tf) 
Vce=2.0V 
1000 
ns 


Lead Temperature 
(TLl (Soldering 
10 seconds) 
260·C 
Vce=4.5V 
500 
ns 


Vce=6.0V 
400 
ns 


DC Electrical Characteristics 
(Note 
4) 


TA=25·C 
74HC 
54HC 


Symbol 
Parameter 
Conditions 
Vcc 
TA= 
-40 
to 85·C 
TA = -55 
to 12SOC 
Units 


Typ 
Guaranteed 
Umlts 


VIH 
Minimum 
High Level 
2.0V 
1.5 
1.5 
1.5 
V 


Input Voltage 
4.5V 
3.15 
3.15 
3.15 
V 


6.0V 
4.2. 
4.2 
4.2 
V 


VIL 
Maximum 
Low Level 
2.0V 
0.3 
0.3 
0.3 
V 


Input Voltage 
4.5V 
0.9 
0.9 
0.9 
V 


6.0V 
1.2 
1.2 
1.2 
V 


VOH 
Minimum 
High Level 
VIN = VIH or VIL 


Output 
Voltage 
IIOUTIS:20 ",A 
2.0V 
2.0 
1.9 
1.9 
1.9 
V 


4.5V 
4.5 
4.4 
4.4 
4.4 
V 


6.0V 
6.0 
5.9 
5.9 
5.9 
V 


VIN=VIH 
orVIL 


IIOUTIS:4.0 mA 
4.5V 
4.2 
3.98 
3.84 
3.7 
V 


IIOUTIS:5.2 mA 
6.0V 
5.7 
5.48 
5.34 
5.2 
V 


VOL 
Maximum 
Low Level 
VIN=VIH 


Output Voltage 
IIOUTI s:20 ",A 
2.0V 
0 
0.1 
0.1 
0.1 
V 


4.5V 
0 
0.1 
0.1 
0.1 
V 


6.0V 
0 
0.1 
0.1 
0.1 
V 


VIN=VIH 


IIOUTI s:4.0 mA 
4.5V 
0.2 
0.26 
0.33 
0.4 
V 


IIOUTI s: 5.2 mA 
6.0V 
0.2 
0.26 
0.33 
0.4 
V 


IIN 
Maximum 
Input 
VIN = Vcc 
or GND 
6.0V 
±0.1 
±1.0 
±1.0 
",A 
Current 


Ice 
Maximum 
Quiescent 
VIN=VceorGND 
6.0V 
2.0 
20 
40 
",A 
Supply Current 
IOUT=O",A 


Note 1: Absolute 
Max!mum Ratings are those values beyond which damage to the device may occur. 
Note 2: Unlessotherwisespecifiedall voltagesare referencedto groun,d. 


Note 3: Power Dissipationtemperature derating - 
plastic "N" packaga: -12 
mWrC from 65"C to 85"C; caramic "J" package: -12 
mWrC from 
l00"C to 125"C. 
Note 4: For a power supply of 5V ± 10% the worst case outputvoltages(VOH.and VoLl occur for HC at 4.5V. Thusthe 4.5V valuesshould be used when 
designingwiththissupply.WorstcaseVIHandVILoccurat Vee= 5.5Vand4.5V respectively.(TheVIHvalueat 5.5Vis3.85V.)Theworstcaseleakagecurrent(IIN. 
Ice. and lozl occur for CMOSat the highervoltageand so the 6.0Vvaluesshouldbe used. 


AC Electrical 
Characteristics 


Vcc=5V, 
TA=25'C, 
CL =15 
pF, tr=tf=6 
ns 


Symbol 
Parameter 
Conditions 
Typ 
Guaranteed 
Units 
Limit 


tpHL, tpLH 
Maximum 
Propagation 
Delay 
20 
30 
ns 


AC Electrical Characteristics 


Vcc=2.0V 
to 6.0V, CL =50 
pF, tr=tf=6 
ns (unless 
otherwise 
specified) 


TA=25'C 
74HC 
54HC 


Symbol 
Parameter 
Conditions 
Vcc 
TA= 
-40to 
85'C 
TA= 
-55 
to 125'C 
Units 
Typ 
Guaranteed 
Limits 


tpHL, 
Maximum 
Propagation 
2.0V 
66 
160 
190 
220 
ns 


tpLH 
Delay 
4.5V 
23 
35 
42 
49 
ns 


6.0V 
16 
30 
36 
42 
ns 


tTLH, 
Maximum 
2.0V 
25 
75 
95 
110 
ns. 


tTHL 
Output 
Rise and 
4.5V 
7 
15 
19 
22 
ns 


Fall Time 
6.0V 
6 
13 
16 
19 
ns 


CPO 
Power Dissipation 
34 
pF 
Capacitance 
(Note 5) 


CIN 
Maximum 
Input Capacitance 
5 
10 
10 
10 
pF 


Note 
5: CPO determines 
the 
no load 
dynamic 
power 
consumption, PO=CPD 
Vcc2 
f+lcc 
Vcc. 
and 
the 
no load 
dynamic 
current 
consumption. 


Is=CPD Vcc f+lcc· 


Note 6: Referto Section1 for TypicalMM54174 HC AC SwitchingWaveformsandTest Circuits. 


. 


~National 
~ 
semiconductor 


MM54HC137/MM74HC137 
3-to-8 Line Decoder With 
Address Latches (Inverted Output) 


General 
Description 


This device 
utilizes 
microCMOSTM 
Technology, 
3.5 micron 


silicon 
gate P-well CMOS, to implement 
a three-to-eight 
line 


decoder 
with latches 
on the three 
address 
inputs. When GL 


goes 
from 
low to high, 
the 
address 
present 
at the 
select 


inputs 
(A, Band 
C) is stored 
in the latches. 
'As long as GL 


remains 
high no address 
changes 
will be recognized. 
Out- 
Features 


put 
enable 
controls, 
G1 and 
G2, control 
the 
state 
of the 


outputs 
independently 
of the select 
or latch-enable 
inputs. 
All of the outputs 
are high unless 
G1 is high and G2 is low. 


The HC137 is ideally 
suited for the implementation 
of glitch- 


free decoders 
in stored-address 
applications 
in bus oriented 


systems. 


The 54HC/74HC 
logic family 
is speed, 
function 
and pin-out 


compatible 
with 
the 
standard 
54LS174LS 
logic 
family. 
All 


inputs are protected 
from damage 
due to static discharge 
by 


diodes 
to Vcc 
and ground. 


• 
Typical 
propagation 
delay: 
20 ns 


• 
Wide 
supply 
range: 
2-6V 


• 
Latched 
inputs 
for easy interfacing. 


• 
Fanout 
of 10 LS-TIL 
loads. 


Functional 
Block Diagram 


(1) 
A 
VO 


VI 


Y2 


V3 


DATA 
OUTPUTS 


Y4 


V5 


va 


61 
Y7 


3 
4 
5 


A 
a 
C 
if( 
112 
01 
Y7 
OND 
---- 
SELECT 
ENABLE 
OUTPUT 


TL/F/5310-1 


MM54HC137/MM74HC137 


54HC137 
(J) 
74HC137 
(J,N) 


{ 


(4) 
ill 


ENAILE 
ll"2 (5) 


INPUTS 
(6) 


01 


Inputa 
Outpull 
Enable 
select 


GL 
Gl 
G2 
C 
B 
A 
VO 
VI 
V2 
V3 
V4 
V5 
V6 
V7 


X 
X 
H 
X 
X 
X 
H 
H 
H 
H 
H 
H 
H 
H 


X 
L 
X 
X 
X 
X 
H 
H 
H 
H 
H 
H 
H 
H 


L 
H 
L 
L 
L 
L 
L 
H 
H 
H 
H 
H 
H 
H 


L 
H 
L 
L 
L 
H 
H 
L 
H 
H 
H 
H 
H 
H 
L 
H 
L 
.L 
H 
L 
H 
H 
L 
H 
H 
H 
H 
H 
L 
H 
L 
L 
H 
H 
H 
H 
H 
L 
H 
H 
H 
H 


L 
H 
L 
H 
L 
L 
H 
H 
H 
H 
L 
H 
H 
H 
L 
H 
L 
H 
L 
H 
H 
H 
H 
H 
H 
L 
H 
H 
L 
H 
L 
H 
H 
L 
H 
H 
H 
H 
H 
H 
L 
H 


L 
H 
L 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
L 


H 
H 
L 
X 
X 
X 
Output corresponding 
to stored 
address 
L; all others. 
H 


Operating 
Conditions 
Mln 
2 
o 


Absolute 
Maximum Ratings 
(Notes 
1 & 2) 


Supply Voltage 
(Veel 
- 0.5 to + 7.0V 


DC Input Voltage 
(VIN) 
-1.5 
to Vcc+1.5V 


DC Output Voltage 
(VOUT) 
-0.5 
to Vcc+0.5V 


Clamp Diode Current 
(11K. 10K) 
± 20 mA 


DC Output Current, 
per pin (lOUT) 
± 25 mA 


DC Vce or GND Current, 
per pin (Icel 
±50 
mA 


Storage 
Temperature 
Range (TSTG) 
- 65·C to + 150·C 


Power Dissipation 
(PD) (Note 3) 
500 mW 


Lead Temperature 
(TLl (Soldering 
10 seconds) 
260·C 


Max 
Units 
6 
V 


Vce 
V 


+85 
·C 


+125 
·C 


1000 
ns 
500 
ns 
400 
ns 


Supply Voltage(Vce) 


DC Input or Output Voltage 


(VIN,VOUT) 


Operating 
Temperature 
Range(T Al 
MM74HC 
-40 
MM54HC 
-55 


Input Rise or Fall Times 
(t,., tf) 
Vcc=2.0V 
Vcc=4.5V 
Vce=6.0V 


TA=25·C 
74HC 
54HC 


Symbol 
Parameter 
Conditions 
Vcc 
TA = -40 
to 85·C 
TA= 
-55 
to 125·C 
Units 
Typ 
Guaranteed 
Limits 


VIH 
Minimum 
High Level 
2.0V 
1.5 
1.5 
1.5 
V 


Input Voltage 
4.5V 
3.15 
3.15 
3.15 
V 


6.0V 
4.2 
4.2 
4.2 
V 


VIL 
Maximum 
Low Level 
2.0V 
0.3 
0.3 
0.3 
V 


Input Voltage 
4.5V 
0.9 
0.9 
0.9 
V 


6.0V 
1.2 
1.2 
1.2 
V 


VOH 
Minimum 
High Level 
VIN = VIH or VIL 
Output Voltage 
IIOUT!:S:20",A 
2.0V 
2.0 
1.9 
1.9 
1.9 
V 


4.5V 
4.5 
4.4 
4.4 
4.4 
V 


6.0V 
6.0 
5.9 
5.9 
5.9 
V 


VIN = VIH or VIL 


HOUTI:S:4.0 mA 
4.5V 
3.98 
3.84 
3.7 
V 


IIOUTI:S:5.2 mA 
6.0V 
5.48 
5.34 
5.2 
V 


VOL 
Maximum 
Low Level 
VIN = VIH or VIL 
Output Voltage 
IIOUTI:S:20 ",A 
2.0V 
0 
0.1 
0.1 
0.1 
V 


4.5V 
0 
0.1 
0.1 
0.1 
V 


6.0V 
0 
0.1 
0.1 
0.1 
V 


VIN = VIH or VIL 
IIOUTI:S:4.0 mA 
4.5V 
0.26 
0.33 
0.4 
V 


IIOUTI:S:5.2 mA 
6.0V 
0.26 
0.33 
0.4 
V 


IIN 
Maximum 
Input 
VIN = VCC or GND 
6.0V 
±0.1 
±1.0 
±1.0 
",A 
Current 


Ice 
Maximum 
Quiescent 
VIN = VCC or GND 
6.0V 
8.0 
80 
160 
",A 
Supply Current 
IOUT=O",A 


Not. 1: Absolute 
Maximum 
Ratings are those values beyond which damage to the device may occur. 


Not. 2: Unless otherWise specified all voltages are referenced 
to ground. 


Not. 
3: Power 
Dissipation 
temperature 
derating 
- 
plastic 
"N" 
package: 
-12 
mWrC 
from 
6S·C to 8S'C; 
ceramic 
"J" 
package: 
-12 
mWrC 
from 
l00·C to 12S·C. 


Not. '" 
For a power supply of SV ±10% the worst case output voltages 
(VOH. and VoLl 
occur for HC at 4.SV. Thus the 4.SV values should be used when 


designing with this supply. Worst case VIH and VIL occur at Vee - S.SV and 4.SV respectively. 
(The VIH value at S.SV Is 3.8SV.) The worst case leakage current (IIN. 
Ice. and lezl 
occur for CMOS at the higher voltage and so the 6.0V values should be used. 


AC Electrical 
Characteristics 
Vcc=5V, 
TA=25'C, 
CL =15 
pF, tr=t,=6 
ns 


Symbol 
Parameter 
Conditions 
Typ 
Guaranteed 
Units 
Limit 


tpLH 
Maximum 
Propagation 
Delay, A, B or C to any Y Output 
14 
29 
ns 


tpHL 
Maximum 
Propagation 
Delay, A, B or C to any Y Output 
20 
42 
ns 


tpLH 
Maximum 
Propagation 
Delay <32to any Y Output 
12 
22 
ns 


tPHL 
Maximum 
Propagation 
Delay G2 to any Y Output 
15 
34 
ns 


tpLH 
Maximum 
Propagation 
Delay Gl to any Output 
13 
25 
ns 


tpHL 
Maximum 
Propagation 
Delay GL to any Output 
17 
34 
ns 


tpLH 
Maximum 
Propagation 
GL to Output 
15 
30 
ns 


tpHL 
Maximum 
Propagation 
Delay GL to Output 
22 
34 
ns 


Is 
Minimum 
Set Up Time at A, Band 
C inputs 
20 
ns 


tH 
Minimum 
Hold Time at A, Band 
C inputs 
0 
ns 


tw 
Minimum 
Pulse Width of enabling 
pulse at GL 
16 
ns 


AC Electrical 
Characteristics 
CL =50 
pF, 
tr=t,=6 
ns (unless 
otherwise 
specified) 


TA=25'C 
74HC 
S4HC 


Symbol 
Parameter 
Conditions 
Vcc 
TA= 
-40 
to 8S'C 
TA = -55 
to 125·C 
Units 
Typ 
Guaranteed 
Limits 


tpLH 
Maximum 
Propagation 
Delay 
2.0V 
85 
170 
214 
253 
ns 
A, B or C to any Y Output 
4.5V 
17 
34 
43 
51 
ns 
6.0V 
14 
29 
36 
43 
ns 


tpHL 
Maximum 
Propagation 
Delay 
2.0V 
120 
240 
302 
358 
ns 
A, B or C to any Y Output 
4.5V 
24 
48 
60 
72 
ns 
6.0V 
20 
41 
51 
61 
ns 


tpLH 
.Maximum Propagation 
Delay 
2.0V 
65 
130 
164 
194 
ns 
G2 to any Y Output 
4.5V 
13 
26 
33 
39 
ns 
6.0V 
11 
22 
28 
33 
ns 


tpLH 
Maximum 
Propagation 
2.0V 
75 
150 
189 
224 
ns 
Delay Gl to Output 
4.5V 
15 
30 
38 
45 
ns 
6.0V 
13 
26 
32 
38 
ns 


tpHL 
Maximum 
Propagation 
2.0V 
98 
195 
246 
291 
ns 
Delay.Gl 
to Output 
4.5V 
20 
39 
49 
58 
ns 
6.0V 
17 
33 
42 
49 
ns 


tpLH 
Maximum 
Propagation 
2.0V 
88 
175 
221 
261 
ns 
Delay GL to Output 
4.5V 
18 
35 
44 
52 
ns 
6.0V 
15 
30 
37 
44 
ns 


tpHL 
Maximum 
Propagation 
2.0V 
125 
250 
315 
373 
ns 
Delay GL to Output 
4.5V 
25 
50 
63 
75 
ns 
6.0V 
21 
43 
54 
63 
ns 


tpHL 
.Maximum Propagation 
Delay 
2.0V 
98 
195 
246 
291 
ns 
G2, to any Y Output 
4.5V 
20 
39 
49 
58 
ns 
6.0V 
17 
33 
42 
49 
ns 
Is 
Minimum 
Set Up Time 
2.0V 
1.00 
125 
150 
ns 
at A, Band 
C inputs 
4.5V 
20 
25 
30 
ns 
6.0V 
17 
21 
25 
ns 


tH 
Minimum 
Hold Time 
2.0V 
50 
63 
75 
ns 
at A, Band 
C inputs 
4.5V 
10 
13 
15 
ns 
6.0V 
8 
11 
13 
ns 


tTLH. tTHL 
Output 
Rise and 
2.0V 
30 
75 
95 
110 
ns 
Fall Time 
4.5V 
8 
15 
19 
22 
ns 
6.0V 
7 
13 
16 
19 
ns 


tw 
Minimum 
Pulse Width 
2.0V 
80 
100 
120 
ns 
of Enabling 
Pulse at GL 
4.5V 
16 
20 
24 
ns 
6.0V 
14 
18 
21 
ns 


Gpo 
Power Dissipation 
75 
pF 
Capacitance 
(Note 5) 


GIN 
Maximum 
Input Capacitance 
5 
10 
10 
10 
pF 


Note 
5: CPO determines 
the 
no load 
dynamic 
power 
consumption, 
PO=CPD 
Vcc2 
f+lcc 
Vcc. 
and the 
no load dynamic 
current 
consumption, 


Is=CPD Vcc f+1cc· 
Nole 6: Re'er to Section1 for TypicalMM54/74 
HC AC SwitchingWaveformsandTest Circuits. 


STROBE 


DECODER ENABLE 


r 


XO 


XI 


I 


X2 


I 


! 


TO FIVE 
OTHER 
OECOOERS 


General 
Description 


This decoder 
utilizes microCMOSTM 
Technology, 
3.5 micron 
silicon 
gate P-well CMOS, 
and is well suited to memory 
ad- 
dress decoding 
or data routing 
applications. 
The circuit fea- 
tures high noise immunity 
and low power consumption 
usu- 
ally associated 
with CMOS 
circuitry, 
yet has speeds 
compa- 
rable to low power 
Schottky 
TIL 
logic. 


The 
MM54HC138/MM74HC138 
has 3 binary 
select 
inputs 
(A, B, and C), If the device 
is enabled 
these 
inputs 
deter- 
mine 
which 
one 
of the eight 
normally 
high outputs 
will go 
low. Two active 
low and one active 
high enables 
(G1, G2A 
and G2B) are provided 
to ease the cascading 
of decoders. 


The decoder's 
outputs 
can drive 10 low power Schottky 
TIL 
equivalent 
loads, 
and are functionally 
and pin equivalent 
to 
the 54LS138/74LS138. 
All inputs 
are protected 
from 
dam- 
age due to static 
discharge 
by diodes 
to Vcc 
and 9round. 


Features 


• 
Typical 
propagation 
delay: 
20 ns 


• 
Wide 
power 
supply 
range: 
2V-6V 


• 
Low quiescent 
current: 
80 ,..A maximum 
(74HC 
series) 


• 
Low input current: 
1 ,..A maximum 


• 
Fanout 
of 10 LS-TIL 
loads 


OATAOUTPUTS 


Vet 
YO 
Y1 
Y2 
Y3 
Y. 
Y5 
YI' 


111 
15 
" 
13 
12 
11 
10 
9 


- 


1 
, 
3 
• 
5 
, 
I' 
I' 


MM~4HC138/MM74HC138 


54HC138 
(J) 
74HC138 
(J,N) 


Inputs 
Outputs 
Enable 
Select 


G1 
G2' 
C 
B 
A 
YO 
Y1 
Y2 
Y3 
Y4 
Y5 
Y6 
Y7 


X 
H 
X 
X 
X 
H 
H 
H 
H 
H 
H 
H 
H 
L 
X 
X 
X 
X 
H 
H 
H 
H 
H 
H 
H 
'H 
H 
L 
'L 
L 
L 
L 
H 
H 
H 
H 
H 
H 
H 
H 
L 
L 
L 
H 
H 
L 
H 
H 
H 
H 
H 
H 
H 
L 
L 
H 
L 
H 
H 
L 
H 
H 
H 
H 
H 
H 
L 
L 
H 
H 
H 
H 
H 
L 
H 
H 
H 
H 
H 
L 
H 
L 
L 
H 
H 
H 
H 
L 
H 
H 
H 
H 
L 
H 
L 
H 
H 
H 
H 
H 
H 
L 
H 
H 
H 
L 
H 
H 
L 
H 
H 
H 
H 
H 
H 
L 
H 
H 
L 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
L 


'G2=G2A+G2B 


H=high 
level, L-Iow 
level, X~don't 
care 


co 
C") 
Absolute Maximum Ratings (Notes 
1 & 2) 
Operating Conditions 
'P'"'0 
Supply Voltage 
(Vccl 
-0.5 
to + 7.0V 
Mln 
Max 
Units 
:x: 
DC Input Voltage 
(VIN) 
-1.5toVce+1.5V 
Supply Voltage(Vccl 
2 
6 
.V 


~ 
DC Output Voltage 
(Vour) 
-0.5 
to Vcc+0.5V 
DC Input or Output Voltage 
0 
Vce 
V 
I' 
(VIN,Vour) 
::::E 
Clamp Diode Current 
(11K.10K> 
±20mA 


::::E 
DC Output 
Current, 
per pin (lour) 
±25mA 
Operating 
Temperature 
Range(T A> 
MM74HC 
-40 
+85 
'c 
'" 


DC Vce or GND Current, 
per pin (Ice) 
±50mA 
MM54HC 
-55 
+125 
'c 
CO 
Storage 
Temperature 
Range (T8TG) 
- 65'C to + 150'C 
Input Rise or Fall Times 
C") 
'P'"' 
Power Dissipation 
(Po) (Note 3) 
500mW 
(tr. tf) 
Vce=2.0V 
1000 
ns 
0 
Lead Temperature 
(TO (Soldering 
10 seconds) 
260'C 
Vce=4.5V 
500 
ns 
:x: 
Vcc=6.0V 
400 
ns 
~ 
LI) 
DC Electrical Characteristics 
(Note 
4) 
IE 
::::E 
TA=25'C 
74HC 
54HC 


Symbol 
Parameter 
Conditions 
Vcc 
TA= 
-40 
to 85'C 
TA = -55 
to 125'C 
Units 
Typ 
Guaranteed 
Limits 


VIH 
Minimum 
High Level 
2.0V 
1.5 
1.5 
1.5 
V 


Input Voltage 
4.5V 
3.15 
3.15 
3.15 
·V 


6.0V 
4.2 
4.2 
4.2 
V 


VIL 
Maximum 
Low Level 
2.0V 
0.3 
0.3 
0.3 
V 


Input Voltage 
4.5V 
0.9 
0.9 
0.9 
V 


6.0V 
1.2 
1.2 
1.2 
V 


VOH 
Minimum 
High Level 
VIN=VIH 
orVIL 
Output Voltage 
Iiourl 
,;;20 /LA 
2.0V 
2.0 
1.9 
1.9 
1.9 
V 


4.5V 
4.5 
4.4 
4.4 
4.4 
V 


6.0V 
6.0 
5.9 
5.9 
5.9 
V 


VIN = VIH or VIL 


Ilourl';;4.0 
mA 
4.5V 
4.2 
3.98 
3.84 
3.7 
V 


Iiourl 
';;5.2 mA 
6.0V 
5.7 
5.48 
5.34 
5.2 
V 


VOL 
Maximum 
Low Level 
VIN = VIH or VIL 
Output 
Voltage 
Ilour!,;;20 
/LA 
2.0V 
0 
0.1 
0.1 
0.1 
V 


4.5V 
0 
0.1 
0.1 
0.1 
V 


: 
6.0V 
0 
0.1 
0.1 
0.1 
V 


VIN = V'H or VIL 
!Iourl 
,;;4.0 mA 
4.5V 
0.2 
0.26 
0.33 
0.4 
V 


!Iourl 
';;5.2 mA 
6.0V 
0.2 
0.26 
0.33 
0.4 
V 


IIN 
Maximum 
Input 
VIN=Vce 
or GND 
6.0V 
±0.1 
±1.0 
±1.0 
/LA 
Current 


Ice 
Maximum 
Quiescent 
VIN=Vce 
or GND 
6.0V 
8.0 
80 
160 
/LA 


Supply Current 
10ur=0/LA 


Note 1: Absolute 
Maximum 
Ratings are those values beyond which damage to the device may occur. 


Note 2: Unless otherwise 
specified 
all voltages are referenced 
to ground. 


Note 3: Power Dissipationtemperature derating - 
plastic "N" package: -12 
mWrC from 65'C to 85'C; ceramic "J" package: -12 
mWrC from 
100'C to 125'C. 
Note 4: For a power supply of 5V ±10% the worst case outputvoltages (VOH.and You occur for HC at4.5V. Thusthe 4.5V valuesshould be used when 
designingwiththissupply.WorstcaseVIHandVILoccurat Vce=5.5V and4.5Vrespectively.(TheV,Hvalueat 5.5Vis 3.85V.)Theworstcaseleakagecurrent(I'N. 
Ice. and 10Z> occur for CMOSattha highervoltageandso the 6.0Vvaluesshouidbe used. 


AC Electrical 
Characteristics 


Vcc=5V, 
TA=25°C, 
CL =15 
pF, tr=tf=6 
ns 


Symbol 
Parameter 
Conditions 
Typ 
Guaranteed 
Units 
Limit 


tpLH 
Maximum 
Propagation 
18 
25 
ns 


Delay, Binary Select to any Output 


tpHL 
Maximum 
Propagation 
28 
35 
ns 


Delay, Binary Select to any Output 


tpHL, tpLH 
Maximum 
Propagation 
18 
25 
ns 


Delay, G1 to any Output 


tpHL 
Maximum 
Propagation 
. 
23 
30 
ns 


Delay G2A or G2B to 


Output 


tpLH 
Maximum 
Propagation 
18 
25 
ns 


Delay G2A or G2B to 


Output 


AC Electrical Characteristics 
CL =50 
pF, 
tr=tf=6 
ns 
(unless 
otherwise 
specified) 


TA=2SoC 
74HC 
S4HC 


Symbol 
Parameter 
Conditions 
Vcc 
TA= 
-40 
to 8SoC 
TA= 
-S5 
to 12SoC 
Units 


Typ 
Guaranteed 
Limits 


tpLH 
Maximum 
Propagation 
2.0V 
75 
150 
189 
224 
ns 


Delay Binary Select to 
4.5V 
15 
30 
38 
45 
ns 


any Output 
Low to High 
6.0V 
13 
26 
32 
38 
ns 


tpHL 
Maximum 
Propagation 
2.0V 
100 
200 
252 
298 
ns 


Delay Binary Select to any 
4.5V 
20 
40 
40 
60 
ns 


Output 
High to Low 
6.0V 
17 
34 
43 
51 
ns 


tpHL, tpLH 
Maximum 
Propagation 
2.0V 
75 
150 
189 
224 
ns 


Delay G1 to any 
4.5V 
15 
30 
38 
45 
ns 


Output 
6.0V 
13 
26 
32 
38 
ns 


tpHL 
Maximum 
Propagation 
2.0V 
82 
175 
221 
261 
ns 


Delay G2A or G2B to 
4.5V 
28 
35 
44 
52 
ns 


Output 
6.0V 
22 
30 
37 
44 
ns 


tpLH 
Maximum 
Propagation 
2.dv 
75 
150 
189 
224 
ns 


Delay G2A or G2B to 
4.5V 
15 
30 
38 
45 
ns 


Output 
6.0V 
13 
26 
32 
38 
ns 


tTLH, tTHL 
Output 
Rise and 
2.0V 
30 
75 
95 
110 
ns 
Fall Time 
4.5V 
8 
15 
19 
22 
ns 


6.0V 
7 
13 
16 
19 
ns 


CIN 
Maximum 
Input 
3 
10 
10 
10 
",F 
Capacitance 


CPD 
Power Dissipation 
(Note 5) 
75 
",F 
Capacitance 


Note 
5: CPO determines 
the 
no load 
dynamic 
power 
consumption, PO=CPD 
Vcc2 
f+lcc 
Vcc, 
and 
the 
no load 
dynamic 
current 
consumption, 


Is=CPD Vcc f+1cc· 


Nole 6: Referto Section1 for TypicalMM54174 HC AC Sw~chingWaveformsand Tesl Circuits. 


~National 
~ 
semiconductor 


General Description 


This 
decoder 
utilizes 
microCMOSTM 
Technology" 
3.5 
mi- 
cron silicon 
gate P-well CMOS, and is well suited to memory 
address 
decoding 
or data routing 
applications. 
It possesses 


the high noise immunity 
and low power consumption 
usually 
associated 
with CMOS circuitry, 
yet has speeds 
comparable 
to low power 
Schottky 
TTL logic. 


The 
MM54HC139/MM74HC139 
contain 
two 
independent 
one-of-four 
decoders 
each with 
a single 
active 
low enable 
input 
(G1, or G2). Data on the select 
inputs 
(A1, and 81 or 
A2, and 82) cause 
one of the four normally 
high outputs 
to 
go low. 


The decoder's 
outputs 
can drive 10 low power Schottky 
TTL 
equivalent 
loads, and are functionally 
as well as pin equiva- 


lent to the 54LS139174LS139. 
All inputs 
are protected 
from 
damage 
due 
to 
static 
discharge 
by 
diodes 
to 
Vcc 
and 
ground. 


Features 


• 
Typical 
propagation 
delays 
- 


Select 
to outputs 
(4 delays): 
18 ns 


Select 
to output 
(5 delays): 
28. ns 


Enable 
to output: 
20 ns 


• 
Low power: 
40 p.W quiescent 
supply 
power 


• 
Fanout 
of 10 LS-TTL 
devices 


• 
Input current 
maximum 
1 p.A, typical 
10 pA 


Connection 
Diagram 


Dual-In-Llne 


SELECT 
E"'ABLE 
. 
_ 
vec 
G2 
.2 
82 


EHABlE 
A1 
81 
no 
1Y1 
1Y2 
1Y3 
GHD 
G 1 
_ 


SELECT· 
DATA OUTPUTS 


MM54HC139/MM74HC139 


54HC139 (J) 
74HC139 (J,N) 


Inputs 
Outputs 
Enable 
Select 


G 
B 
A 
YO 
Y1 
Y2 
Y3 


H 
X 
X 
H 
H 
H 
H 


L 
L 
L 
L 
H 
H 
H 


L 
L 
H 
H 
L 
H 
H 


L 
H 
L 
H 
H 
L 
H 


L 
H 
H 
H 
H 
H 
L 


Absolute 
Maximum Ratings 
(Notes 
1 & 2) 
Operating 
Conditions 


Supply Voltage 
(Vee) 
-0.5 
to +7.0V 
Mln 
Max 
Units 


DC Input Voltage 
(VIN) 
-1.5 
to Vee+1.5V 
Supply Voltage(Vecl 
2 
6 
V 


DC Output 
Voltage 
(VOUT) 
-0.5 
to Vee+0.5V 
DC Input or Output Voltage 
0 
Vee 
V 


Clamp Diode Current 
(11K, 10K) 
±20mA 
(VIN,VOUT) 


DC Output 
Current, 
per pin (lOUT) 
±25 
mA 
Operating 
Temperature 
Range(T A) 
MM74HC 
-40 
+85 
·C 


DC Vee or GND Current, 
per pin (Iecl 
±50mA 
MM54HC 
-55 
+125 
·C 


Storage 
Temperature 
Range (TSTG) 
-65·Cto 
+150·C 
Input Rise or Fall Times 
Power Dissipation 
(Po) (Note 3) 
500 mW 
(tr, tt> 
Vee=2.0V 
1000 
ns 


Lead Temperature 
(Tu 
(Soldering 
10 seconds) 
260·C 
Vee=4.5V 
500 
ns 


Vcc=6.0V 
400 
ns 


DC Electrical 
Characteristics 
(Note 
4) 


TA=2S·C 
74HC 
S4HC 


Symbol 
Parameter 
Conditions 
Vcc 
TA= 
-40 
to 8S·C 
TA=-SSto12S·C 
Units 


Typ 
Guaranteed 
Limits 


VIH 
Minimum 
High Level 
2.0V 
1.5 
1.5 
1.5 
V 


Input Voltage 
4.5V 
3.15 
3.15 
3.15 
V 


6.0V 
4.2 
4.2 
4.2 
V 


VIL 
Maximum 
Low Level 
2.0V 
0.3 
0.3 
0.3 
V 


Input Voltage 
4.5V 
0.9 
0.9 
0.9 
V 


6.0V 
1.2 
1.2 
1.2 
V 


VOH 
Minimum 
High Level 
VIN = VIH or VIL 
Output Voltage 
IIOUTI:S;20 /LA 
2.0V 
2.0 
1.9 
1.9 
1.9 
V 


4.5V 
4.5 
4.4 
4.4 
4.4 
V 


6.0V 
6.0 
5.9 
5.9 
5.9 
V 


VIN = VIH or VIL 
IIOUTI:S;4.0 mA 
4.5V 
4.2 
3.98 
3.84 
3.7 
V 


IiOUTI :s;5.2 mA 
6.0V 
5.7 
5.48 
5.34 
5.2 
V 


VOL 
Maximum 
Low Level 
VIN = VIH or VIL 


Output Voltage 
IIOUTI:S;20 /LA 
2.0V 
0 
0.1 
0.1 
0.1 
V 


4.5V 
0 
0.1 
0.1 
0.1 
V 


6.0V 
0 
0.1 
0.1 
0.1 
V 


VIN = VIH or VIL 
IiOUTI:S;4.0 mA 
4.5V 
0.2 
0.26 
0.33 
0.4 
V 


IIOUTI:S;5.2 mA 
6.0V 
0.2 
0.26 
0.33 
0.4 
V 


IIN 
Maximum 
Input 
VIN=VeeorGND 
6.0V 
±0.1 
±1.0 
±1.0 
/LA 
Current 


Ice 
Maximum 
Quiescent 
VIN=VeeorGND 
6.0V 
8.0 
80 
160 
/LA 
Supply Current 
IOUT=O 
/LA 


Note 
1: Absolute 
Maximum 
Ratings are those values beyond which damage to the device may occur. 


Note 2: Unless otherwise 
specified 
all voltages 
are referenced 
to ground. 


Note 
3: Power 
Dissipation 
temperature 
derating 
- 
plastic 
"N" 
package: 
-12 
mwrc 
from 
65°C to 85°C; ceramic "l' package: 
-12 
mWrC 
from 
1QO'C to 125'C. 


Note 4: For a power supply of 5V ±10% 
the worst case output voltages 
(VOH, and Vou occur for He at 4.5V. Thus the 4.5V values should be used when 
designing with this supply. Worst case VIH and VIL occur at Vcc=5.5V 
and 4.5V respectively. 
(The VIH value at 5.5V is 3.85V.) The worst case leakage current (IIN. 


Ice. and lez) occur for CMOS at the higher voltage and so the 6.0Y values should be used. 


AC Electrical Characteristics 


Vcc=5V, 
TA=25'C, 
CL =15 
pF, tr=tf=6 
ns 


Symbol 
Parameter 
Conditions 
Typ 
Guaranteed 
Units 
Limit 


tPHL. tpLH 
Maximum 
Propagation 
18 
30 
ns 


Delay, Binary Select to any Output 


4 levels of delay 


tpHL, tpLH 
Maximum 
Propagation 
28 
38 
ns 


Delay, Binary Select to any Output 


5 levels of delay 


tpHL, tpLH 
Maximum 
Propagation 
19 
30 
ns 


Delay, Enable to any Output 


TA=25'C 
74HC 
54HC 


Symbol 
Parameter 
Conditions 
Vcc 
TA = -40 
to 85'C 
TA = -55 
to 125'C 
Units 
Typ 
Guaranteed 
Limits 


tpHL. tpLH 
Maximum 
Propagation 
2.0V 
110 
175 
219 
254 
ns 


Delay Binary Select to 
4.5V 
22 
35 
44 
51 
ns 


any Output 4 levels of delay 
6.0V 
18 
30 
38 
44 
ns 


tpHL, tpLH 
Maximum 
Propagation 
2.0V 
165 
220 
275 
320 
ns 


Delay Binary Select to any 
, 
4.5V 
33 
44 
55 
64 
ns 


Output 
5 levels of delay 
6.0V 
28 
38 
47 
54 
ns 


tpHL, tpLH 
Maximum 
Propagation 
2.0V 
115 
175 
219 
254 
ns 


Delay Enable to any 
4.5V 
23 
35 
44 
51 
ns 


Output 
6.0V 
19 
30 
38 
44 
ns 


tTLH. tTLH 
Maximum 
Output 
Rise 
2.0V 
30 
75 
95 
110 
ns 


and Fall Time 
4.5V 
8 
15 
19 
22 
ns 


6.0V 
7 
13 
16 
19 
ns 


CIN 
Maximum 
Input 
3 
10 
10 
10 
fLF 
Capacitance 


CPO 
Power Dissipation 
(Note 5) 
75 
fLF 
Capacitance 
(Note 5) 


Note 
5: CPO determines 
the 
no load 
dynamic 
power 
consumption, 
PO=CPD 
Vcc2 
f+lcc 
Vcc. 
and the 
no load 
dynamic 
current 
consumption, 


IS= CPD VCC f+ Ice· 


Note 
6: Refer to Section 1 for Typical 
MM54/74HC 
AC SWitching Waveforms 
and Test Circuits. 


~National 
~ 
semiconductor 


MM54HC147/MM74HC147 
10-to-4 Line Priority Encoder 


General Description 


This 
high 
speed 
10-to-4 
Line 
Priority 
Encoder 
utilizes 
mi- 
croCMOSTM 
Technology, 
3.5 
micron 
silicon 
gate 
P-well 
CMOS. 
It possesses 
the high noise immunity 
and low power 
consumption 
of standard 
CMOS 
integrated 
circuits. 
This de- 
vice is fully buffered, 
giving it a fanout 
of 10 lS-TIlloads. 


The 
MM54HC147/MM74HC147 
features 
priority 
encoding 
of the inputs 
to ensure 
that only the highest 
order data line 
is encoded. 
Nine input lines are encoded 
to a four line BCD 
output. 
The implied 
decimal 
zero condition 
requires 
no input 
condition 
as zero is encoded 
when 
all nine data lines are at 
a high logic 
level. All data inputs 
and outputs 
are active 
at 
the low logic level. 


The 54HC/74HC 
logic family 
is functionally 
as well as pin- 
out compatible 
with 
the 
standard 
54lS174lS 
logic 
family. 


All 
inputs 
are 
protected 
from 
damage 
due 
to 
static 
dis- 
charge 
by internal 
diode 
clamps 
to Vcc 
and ground. 


Features 


• 
low 
quiescent 
power 
consumption: 
40 IJ-W maximum 
at 
25"C 


• 
High speed: 
31 ns propagation 
delay 
(typical) 


• 
Very low input current: 
10-5 
IJ-A typical 


• 
Wide 
supply 
range: 
2V to 6V 


Dual·ln·Llne 
Package 


INPUTS 
OUTPUT 
OUTPUT 
vcc 
NC 
0 
9 
A 


10 
9 


9 


4 
A 


5 


8 


4 
5 
8 
C 
8 
GND 
---- 
INPUTS 
OUTPUTS 


TUF/5007-1 


MM54HC1471MM74HC147 


54HC147 
(J) 
74HC147 
(J,N) 


Truth Table 


Inputs 
Outputs 


1 
2 
3 
4 
5 
6 
7 
8 
9 
0 
C 
B 
A 


H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
X 
X 
X 
X 
X 
X 
X 
X 
l 
l 
H 
H 
l 
X 
X 
X 
X 
X 
X 
X 
l 
H 
l 
H 
H 
H 
X 
X 
X 
X 
X 
X 
l 
H 
H 
H 
l 
l 
l 
X 
X 
X 
X 
X 
l 
H 
H 
H 
H 
l 
l 
H 
X 
X 
X 
X 
l 
H 
H 
H 
H 
H 
l 
H 
l 
X 
X 
X 
l 
H 
H 
H 
H 
H 
H 
l 
H 
H 
X 
X 
l 
H 
H 
H 
H 
H 
H 
H 
H 
l 
l 
X 
l 
H 
H 
H 
H 
H 
H 
H 
H 
H 
l 
H 
l 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
l 


(11) 
1 


(12) 


2 


(13) 


3 


(1) 


4 


(2) 
S 


(3) 
6 


(4) 


7 


(S) 


Absolute Maximum R'atings (Notes 
1 & 2) 
Operating Conditions 


Supply Voltage 
(Veel 
-0.5 
to +7.0V 
Mln 
Max 
Units 


DC Input Voltage 
(VIN) 
-1.5 
to Vee+ 
1.5V 
Supply Voltage(Veel 
2 
6 
V 


DC Output 
Voltage 
(Vour) 
-0.5 
to Vce+0.5V 
DC Input or Output Voltage 
0 
Vee 
V 


Clamp Diode Current 
(11K. 10K) 
±20mA 
(VIN.Vour) 


DC Output Current. 
per pin (lour) 
±25mA 
Operating 
Temperature 
Range(T pJ 
MM74HC 
-40 
+85 
·C 


DC Vee or GND Current. 
per pin (Ice) 
±50mA 
MM54HC 
-55 
+125 
·C 


Storage 
Temperature 
Range (TsrG) 
-65·Cto 
+150·C 
Input Rise or Fall Times 


Power Dissipation 
(Po) (Note 3) 
500mW 
(It-. tt> 
Vee=2.0V 
1000 
ns 


Lead Temperature 
(TU (Soldering 
10 seconds) 
260·C 
Vee=4.5V 
500 
ns 
Vee=6.0V 
400 
ns 


DC Electrical Characteristics 
(Note 
4) 


TA=2S·C 
74HC 
S4HC 


Symbol 
Parameter 
Conditions 
Vcc 
TA= 
-40 
to 8S·C 
TA=-5Sto12SOC 


Units 
Typ 
Guaranteed 
Limits 


VIH 
Minimum 
High Level 
2.0V 
1.5 
1.5 
1.5 
V 


Input Voltage 
4.5V 
3.15 
3.15 
3.15 
V 


6.0V 
4.2 
4.2 
4.2 
V 


VIL 
Maximum 
Low Level 
2.0V 
0.3 
0.3 
0.3 
V 


Input Voltage 
4.5V 
0.9 
0.9 
0.9 
V 


6.0V 
1.2 
1.2 
1.2 
V 


VOH 
Minimum 
High Level 
VIN = VIH or VIL 
Output Voltage 
IIOUTI :S:20 ,...A 
2.0V 
2.0 
1.9 
1.9 
1.9 
V 


4.5V 
4.5 
4.4 
4.4 
4.4 
V 


6.0V 
6.0 
5.9 
5.9 
5.9 
V 


VIN = VIH or VIL 


Iiourl 
:S:4.0 mA 
4.5V 
4.7 
3.98 
3.84 
3.7 
V 


liouTI :S:5.2 mA 
6.0V 
5.2 
5.48 
5.34 
5.2 
V 


VOL 
Maximum 
Low Level 
VIN = VIH or VIL 
Output Voltage 
Ilourl:S:20 
,...A 
2.0V 
0 
0.1 
0.1 
0.1 
V 


4.5V 
0 
0.1 
0.1 
0.1 
V 


6.0V 
0 
0.1 
0.1 
0.1 
V 


VIN=VIH 
orVIL 


Ilourl:S:4.OmA 
4.5V 
0.2 
0.26 
0.33 
0.4 
V 


Ilourl:S:5.2mA 
6.0V 
0.2 
0.26 
0.33 
0.4 
V 


IIN 
Maximum 
Input 
VIN=VeeorGND 
6.0V 
±0.1 
±1.0 
±1.0 
,...A 


Current 


Ice 
Maximum 
Quiescent 
VIN=Vce 
or GND 
6.0V 
8.0 
80 
160 
,...A 


Supply Current 
IOUT=O,...A 


Note 
1: Absolute 
Maximum Ratings afe those values beyond which damage 
to the device may occur. 


Note 
2: Unless otherwise 
specIfied all voltages afe referenced 
to ground. 


Note 
3: Power Dissipation temperature 
derating - 
plastic 
"N" 
package: 
-12 
mwrc 
from 65°C to 85°C; ceramic "J" package: 
-12 
mwrc 
from 


100°C to 125°C. 


Nole 
4: For a power supply of 5V ± 10% the worst case outpu1 voltages 
(VOH, and You 
occur for HC at 4.5V. Thus the 4.5V values should be used when 
designing with this supply. Worst case VIH and V,L occur at Vee=5.5V 
and 4.5V respectively. 
(The V,H value at 5.5V is 3.85V.) The worst case leakage current (IIN' 


Ice. and lov 
occur for CMOS at the higher voltage and so the 6.0V values should be used. 


"YIIIUUI 
rarilmeler 
,""ononlon8 
Iyp 
Limit 
UnitS 


tpHL. tpLH 
Maximum 
Propagation 
31 
36 
ns 


Delay 


AC Electrical Characteristics 


Vcc=2.0V 
to 6.0V. CL =50 
pF. tr=tf=6 
ns (unless 
otherwise 
specified) 


TA=25"C 
74HC 
54HC 


Symbol 
Parameter 
Conditions 
Vcc 
TA= 
-40to 
85"C 
TA = -55 
to 125"C 
Units 
Typ 
Guaranteed 
Limits 


tpHL. tpLH 
Maximum 
Propagation 
2.0V 
161 
220 
275 
319 
ns 


Delay 
4.5V 
36 
44 
55 
64 
ns 


6.0V 
31 
37 
47 
54 
ns 


tTLH. tTHL 
Maximum 
Output 
Rise 
2.0V 
30 
75 
95 
110 
ns 


and Fall Time 
4.5V 
6 
15 
19 
22 
, 
ns 


6.0V 
7 
13 
16 
19 
ns 


CPO 
Power Dissipation 
(per package) 
160 
pF 


Capacitance 
(Note 5) 


CIN 
Maximum 
Input 
5 
10 
10 
10 
pF 


Capacitance 


Note 
5: CPD determines 
the 
no 
load 
dynamic 
power 
consumption, 
PD~CPD Vcc2 
f+lcc 
Vcc, 
and 
the 
no 
load 
dynamic 
current 
consumption, 
IS~CPDVCCf+ICC· 
Note 6: Referto Section1 for TypicalMM54174HCAC SwitchingWaveformsand Test Circuits. 


I 


~National 
~ 
semiconductor 


MM54HC149/MM74HC149 
8 Line to 8 Line Priority Encoder 


General 
Description 
This priority encoder utilizes microCMOSTM Technology, 
3.5 micron silicon gate P-well CMOS. It has the high noise 
immunity and low power consumption typical of CMOS 
circuits, as well as the speeds and output drive similar to 
LS-TTL. 


This priority encoder accepts 8 input request lines, RI7-RIO, 
and outputs 8 lines, R07-ROO. It is the logical combination 
of a '148 8-3 
line priority encoder driving a '138 3-8 
line 
decoder. Only one request output can be low at a time. The 
output that is low is dependent on the highest priority re- 
quest that is low. The order of priority is RI7 highest and RIO 
lowest. Also provided is and enable input, RaE, which when 
high forces all outputs high. A request output is also provid· 
ed, Rap, which goes low when any RQP is active. 


All inputs to this device are protected from damage due to 
electrostatic discharge by diodes to Vcc and Ground. 


Features 
• 
Propagation delay: 15 ns typo 


• 
Wide power supply range: 2-6V 
• 
Low quiescent current: 80 ",A max (74HC series) 
• 
Wide input noise immunity 


iffil lffi lii2 iii3 liI4 JlI5 Jml Ili'IlIQE GNO 


TUF/5312-1 


MM54HC149/MM74HC149 


54HC149 
(J) 
74HC149 
(J,N) 


Inputs 
Outputs 


0 
1 
2 
3 
4 
5 
6 
7 
RQE 
0 
1 
2 
3 
4 
5 
6 
7 
RQP 


X 
X 
X 
X 
X 
X 
X 
X 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
L 
H 
H 
H 
H 
H 
H 
H 
H 
H 
X 
X 
X 
X 
X 
X 
X 
L 
L 
H 
H 
H 
H 
H 
H 
H 
L 
L 
X 
X 
X 
X 
X 
X 
L 
H 
L 
H 
H 
H 
H 
H 
H 
L 
H 
L 
X 
X 
X 
X 
X 
L 
H 
H 
L 
H 
H 
H 
H 
H 
L 
H 
H 
L 
X 
X 
X 
X 
L 
H 
H 
H 
L 
H 
H 
H 
H 
L 
H 
H 
H 
L 
X 
X 
X 
L 
H 
H 
H 
H 
L 
H 
H 
H 
L 
H 
H 
H 
H 
L 
X 
X 
L 
H 
H 
H 
H 
H 
L 
H 
H 
L 
H 
H 
H 
H 
H 
L 
X 
L 
H 
H 
H 
H 
H 
H 
L 
H 
L 
H 
H 
H 
H 
H 
H 
L 
L 
H 
H 
H 
H 
H 
H 
H 
L 
L 
H 
H 
H 
H 
H 
H 
H 
L 


Absolute Maximum Ratings (Notes 
1 & 2) 
Operating Conditions 


Supply Voltage 
(Vecl 
-0.5 
to + 7.0V 
Mln 
Max 
Units 


DC Input Voltage 
(VIN) 
-1.5 
to Vee+1.5V 
Supply Voltage(Vce) 
2 
6 
V 


DC Output 
Voltage 
(VOUT) 
-0.5toVce+0.5V 
DC Input or Output Voltage 
0 
Vee 
V 


Clamp Diode Current 
(11K, 10K) 
±20mA 
(VIN,VOUT) 


DC Output Current, 
per pin (lOUT) 
±25mA 
Operating 
Temperature 
Aange(T tJ 
MM74HC 
-40 
+85 
'c 
DC Vee or GND Current, 
per pin (Ice) 
±50mA 
MM54HC 
-55 
+125 
'c 
Storage 
Temperature 
Aange 
(TSTG) 
-65'Cto 
+ 150'C 
Input Aise or Fall Times 
Power Dissipation 
(Po) (Note 3) 
500mW 
(tr,tll 
Vee=2.0V 
1000 
ns 


Lead Temperature 
(TLl (Soldering 
10 seconds) 
260'C 
Vee=4.5V 
500 
ns 
Vce=6.0V 
400 
ns 


DC Electrical Characteristics 
(Note 
4) 


TA=25'C 
74HC 
54HC 


Symbol 
Parameter 
Conditions 
Vcc 
TA= 
-40to 
85'C 
TA = -55 
to 125'C 
Units 


Typ 
Guaranteed 
Limits 


VIH 
Minimum 
High Level 
2.0V 
1.5 
1.5 
1.5 
V 
Input Voltage 
4.5V 
3.15 
3.15 
3.15 
V 
6.0V 
4.2 
4.2 
4.2 
V 


VIL 
Maximum 
Low Level 
2.0V 
0.3 
0.3 
0.3 
V 


Input Voltage 
4.5V 
0.9 
0.9 
0.9 
V 
6.0V 
1.2 
1.2 
1.2 
V 


VOH 
Minimum 
High Level 
VIN=VIH 
orVIL 


Output 
Voltage 
liouTI~20 
I-'A 
2.0V 
2.0 
1.9 
1.9 
1.9 
V 


4.5V 
4.5 
4.4 
4.4 
4.4 
V 
6.0V 
6.0 
5.9 
5.9 
5.9 
V 


VIN = VIH or VIL 
IIOUTI~4.0 
mA 
4.5V 
4.2 
3.98 
3.84 
3.7 
V 


IIOUTI~5.2 
mA 
6.0V 
5.7 
5.48 
5.34 
5.2 
V 


VOL 
Maximum 
Low Level 
VIN=VIH 
orVIL 


Output 
Voltage 
1 
IIOUTI~20 
I-'A 
2.0V 
0 
0.1 
0.1 
0.1 
V 


4.5V 
0 
0.1 
0.1 
0.1 
V 


6.0V 
0 
0.1 
0.1 
0.1 
V 


VIN=VIH 
or VIL 


IIOUTI~4.0 
mA 
4.5V 
0.2 
0.26 
0.33 
0.4 
V 


IIOUTI ~5.2 
mA 
6.0V 
0.2 
0.26 
0.33 
0.4 
V 


IIN 
Maximum 
Input 
VIN = Vee or GND 
6.0V 
±0.1 
±1.0 
±1.0 
I-'A 
Current 


Ice 
Maximum 
Quiescent 
VIN = Vec or GND 
6.0V 
8.0 
80 
160 
I-'A 


Supply Current 
lOUT ='0 I-'A 


Note 
1: Absolute 
Maximum 
Ratings are those values tleyond which damage to the device may occur. 


Note 
2: Unless otherwise 
specified 
all voltages are referenced 
to ground. 


Note 
3: Power 
Dissipation temperature 
derating - 
plastic "N" 
package: 
-12 mwrc from 65°C to 85°C; ceramic "J" package: 
-12 mwrc 
from 
100'C to 125'C. 
Note 4: For a power supply of 5V ± 10% the worst case output voltages(VOH.and VoLl occur for HC at 4.5V.Thusthe 4.5V valuesshouldbe used when 
designingwiththissupply.WorstcaseV,HandV,Loccurat Vce = 5.5Vand4.5Vrespectively.(TheVIHvalueat 5.5VIs3.85V.)Theworstcaseleakagecurrent(lIN. 
Ice. and 10zJ occurfor CMOSat the highervoltageand so the 6.0Vvaluesshouldbe used. 


AC Electrical Characteristics 
Vee=5V, 
TA=25'C, 
CL =15 
pF, 
t,.=t,=6 
ns 


Symbol 
Parameter 
Conditions 
Typ 
Guaranteed 
Limit 
Units 


tpHL, tpLH 
Maximum 
Propagation 
Delay Aln to Any Output 
15 
24 
ns 


tpHL, tpLH 
Maximum 
Propagation 
Delay AQP to Any Output 
16 
26 
ns 


0) 
~ 
AC Electrical Characteristics 
,..0 
Vcc=2.0V 
to 6.0V. CL =50 
pF. tr=tf=6 
ns (unless 
otherwise 
specified) 
::I: 
74HC 
54HC 
~ 
TA=25°C 
TA= 
-40 
to 85°C 
TA = -55 
to 125°C 
•••••• 
Symbol 
Parameter 
Conditions 
Vcc 
Units 
:IE 
Typ 
Guaranteed 
Limits 
:IE 
tpHL.tpLH 
Maximum 
Propagation 
2.0V 
60 
140 
175 
210 
ns 
..•.... 
Delay Rln to Any 
4.5V 
19 
28 
36 
42 
ns 
0) 
Output 
6.0V 
16 
24 
30 
36 
ns 
~ 
tpLH. tpHL 
Maximum 
Propagation 
2.0V 
70 
155 
190 
230 
ns 
,..0 
Delay RQP to Any 
4.5V 
22 
31 
39 
46 
ns 
::I: 
Output 
6.0V 
18 
26 
33 
39 
ns 
~ 
tTLH. tTHL 
Maximum 
Output 
Rise 
2.0V 
30 
75 
95 
110 
ns 
lot) 
and Fall Time 
4.5V 
8 
15 
19 
22 
ns 
:IE 
6.0V 
7 
13 
16 
19 
ns 


:IE 
CPO 
Power Dissipation 
70 
pF 
Capacitance 
Note 5 


CIN 
Maximum 
Input 
5 
10 
10 
10 
pF 
Capacitance 


Note 
5: CPO determines 
the 
no load dynamic 
power 
consumption, PO=CPD 
Vcc2 
f+1CC 
Vcc, 
and 
the 
no load 
dynamic 
current 
consumption, 
Is~CPD VCC f+1cc· 


Nole 
6: Refer to Section 1 for Typical MM54174 HC AC Switching Waveforms 
and Test Circuits. 


~National 
~ 
semiconductor 


MM54HC151/MM74HC151 
a-Channel Digital Multiplexer 
General Description 
The 54HC/74HC logic family is functionally as well as pin- 
. 
. 
.. 
. 
out compatible with the standard 54LS/74LS logic family. 
This high speed DIGITAL MULTIPLEXER utilizes mlcro- 
All inputs are protected from damage due to static dis- 


CMOSTMTechnology, 3.5 micron sIlicon gate P-well CMOS. 
charge by internal diode clamps to Vcc and ground. 


Along with the high noise immunity and low power dissipa- 
tion of standard CMOS integrated circuits, it possesses the 
ability 
to 
drive 
10 
LS-TTL 
loads. 
The 
MM54HC1511 
MM74HC151selects one of the 8 data sources, depending 
on the address presented on the A, B, and C inputs. It fea- 
tures both true (Y) and complement 
rt'J) outputs. The 
STROBE input must be at a low logic level to enable this 
multiplexer. A high logic level at the STROBE forces the W 
output high and the Y output low. 


Features 
• 
Typical propagation delay 
data select to output Y: 26 ns 
• 
Wide operating supply voltage range: 2-6V 
• 
Low input current: <1 )-LAmaximum 
• 
Low quiescent supply current: 80 )-LAmaximum (74HC) 
• 
High output drive current: 4 mA minimum 


Connection 
Diagram 


Dual-In-Line 


DATA INPUTS 
DATA SELECT 


Vcc 
4 
5 
15 
7 
A 
B 
C 


10 
9 


1M 
05 
De 
07 
"A 
B 


D3 
C 


02 
01 
DO 


S 


3 
2 
0 
Y 
W 
STR08EGND 
--------- --' 


DATA INPUTS 
OUTPUTS 
TL/F/5313-1 


MM54HC151/MM74HC151 


54HC151 
(J) 
74HC151 
(J,N) 
Logic Diagram 


Inputs 
Outputs 


Select 
Strobe 


C 
B 
A 
S 
Y 
W 


X 
X 
X 
H 
L 
H 
L 
L 
L 
L 
DO 
DO 
L 
L 
H 
L 
01 
01 
L 
H 
L 
L 
02 
02 
L 
H 
H 
L 
03 
03 
H 
L 
L 
L 
04 
04 
H 
L 
H 
L 
05 
05 
H 
H 
L 
L 
06 
D6 
H 
H 
H 
L 
07 
07 


H = High Level, L - 
Low Level, X = Don't Care 


DO, 01 ...07 = the level of the respective 
0 input 


Absolute Maximum Ratings 
(Notes 
1 & 2) 
Operating Conditions 


Supply Voltage 
(Vce) 
-0.5 
to + 7.0V 
Mln 
Max 
Units 


DC Input Voltage 
(VIN) 
-1.5 
to Vee+\5V 
Supply Voltage(Vce) 
2 
6 
V 


DC Output 
Voltage 
(VOUT) 
-0.5 
to Vee+0.5V 
DC Input or Output Voltage 
0 
Vee 
V 


Clamp Diode Current 
(11K,10K! 
±20mA 
(VIN,VOUT) 


DC Output 
Current, 
per pin (lOUT) 
±25mA 
Operating 
Temperature 
Range(T /JJ 
MM74HC 
-40 
+85 
'C 
DC Vee or GND Current, 
per pin (Ice) 
±50mA 
MM54HC 
-55 
+125 
'C 
Storage 
Temperature 
Range (TSTG) 
-65'Cto 
+ 150'C 
Input Rise or Fall Times 
Power Dissipation 
(Po) (Note 3) 
500mW 
(tr,tll 
Vee=2.0V 
1000 
ns 


Lead Temperature 
(TU (Soldering 
10 seconds) 
260'C 
Vee=4.5V 
500 
ns 
Vce=6.0V 
400 
ns 


DC Electrical Characteristics 
(Note 
4) 


TA=25'C 
74HC 
54HC 


Symbol 
Parameter 
Conditions 
Vcc 
TA= 
-40to 
85'C 
TA = -55 
to 125'C 
Units 
Typ 
Guaranteed 
Umlts 


VIH 
Minimum 
High Level 
2.0V 
1.5 
1.5 
1.5 
V 


Input Voltage 
4.5V 
3.15 
3.15 
3.15 
V 


6.0V 
4.2 
4.2 
4.2 
V 


VIL 
Maximum 
Low Level 
2.0V 
0.3 
0.3 
0.3 
V 


Input Voltage 
4.5V 
0.9 
0.9 
0.9 
V 


6.0V 
1.2 
1.2 
1.2 
V 


VOH 
Minimum 
High Level 
VIN = VIH or VIL 
Output Voltage 
IloUTI';:20 
!LA 
2.0V 
2.0 
1.9 
1.9 
1.9 
V 


4.5V 
4.5 
4.4 
4.4 
4.4 
V 


6.0V 
6.0 
5.9 
5.9 
5.9 
V 


VIN = VIH or VIL 
HOUTI';;4.0 mA 
4.5V 
4.2 
3.98 
3.84 
3.7 
V 


HOUTI,;;5.2 mA 
6.0V 
5.7 
5.48 
5.34 
5.2 
V 


VOL 
Maximum 
Low Level 
VIN = VIH or VIL 
Output Voltage 
Ii0UTI ,;;20 !LA 
2.0V 
0 
0.1 
0.1 
0.1 
V 


4.5V 
0 
0.1 
0.1 
0.1 
V 


6.0V 
0 
0.1 
0.1 
0.1 
V 


VIN = VIH or VIL 
HOUTI,;:4.0 mA 
4.5V 
0.2 
0.26 
0.33 
0.4 
V 


HOUTI,;;5.2 mA 
6.0V 
0.2 
0.26 
0.33 
0.4 
V 


IIN 
Maximum 
Input 
VIN=Vee 
or GND 
6.0V 
±0.1 
±1.0 
±1.0 
!LA 
Current 


Ice 
Maximum 
Quiescent 
VIN=VceorGND 
6.0V 
8.0 
80 
160 
!LA 
Supply Current 
10UT=0 
!LA 


Note 1: Absolute 
Maximum 
Ratings are those values beyond which damage to the device may occur, 


Note 2: Unless otherwise 
specified all voltages are referenced 
to ground. 


Note 3: Power Dissipationtemperature derating - 
plastic "N" package: -12 
mWrC from 65'C to 85'C; ceramic "J" package: -12 
mWrC from 


100'C to 125·C. 


Note 4: For a power supplyof 5V ±10% the worst case outputvoltages (VOH.and You occur forHC at 4.5V.Thus the 4.5V valuesshouldbe used when 
designingwiththissupply.WorstcaseVIHandVILoccurat Vce= 5.5Vand4.5Vrespectively.(TheVIHvalueat 5.5Vis3.85V.)Theworstcaseleakagecurrent(IIN. 
ice. and lozJ occur for CMOSat the highervoltageandso the 8.0Vvaluesshouldbe used. 


Vcc=5V, 
TA=25'C, 
CL =15 
pF, tr=tf=6 
ns 


Symbol 
Parameter 
Conditions 
Typ 
Guaranteed 
Units 
Limit 


tpHL, tpLH 
Maximum 
Propagation 
Delay 
26 
35 
ns 


A,BorCtoY 


tpHL, tpLH 
Maximum 
Propagation 
Delay 
27 
35 
ns 


A,BorCtoW 


tPHL. tPLH 
Maximum 
Propagation 
Delay 
22 
29 
ns 


AnyDtoY 


tpHL, tpLH 
Maximum 
Propagation 
Delay 
24 
32 
ns 


anyDtoW 


tpHL, tpLH 
Maximum 
Propagation 
Delay 
17 
23 
ns 


Strobe to Y 


tpHL, tpLH 
Maximum 
Propagation 
Delay 
16 
21 
ns 


StrobetoW 
~ 


AC Electrical Characteristics 
CL =50 
pF, t,.=tf=6 
ns 
(unless 
otherwise 
specified) 


TA=25"C 
74HC 
54HC 


Symbol 
Parameter 
Conditions 
Vcc 
TA= 
-40 
to 85'C 
TA = -55 
to 125'C 
Units 


Typ 
Guaranteed 
Umlts 


tpHL. tpLH 
Maximum 
Propagation 
Delay 
2.0V 
90 
205 
256 
300 
ns 


A,BorCtoY 
4.5V 
31 
41 
51 
60 
ns 


6.0V 
26 
35 
44 
51 
ns 


tPHL. tpLH 
Maximum 
Propagation 
Delay 
2.0V 
95 
205 
256 
300 
ns 


A,BorCtoW 
4.5V 
32 
41 
51 
60 
. 


ns 


6.0V 
27 
35 
44 
51 
ns 


tpHL, tpLH 
Maximum 
Propagation 
Delay 
2.0V 
70 
195 
244 
283 
ns 


anyDtoY 
4.5V 
27 
39 
49 
57 
ns 


6.0V 
23 
33 
41 
48 
ns 


tPHL. tPLH 
Maximum 
Propagation 
Delay 
2.0V 
75 
185 
231 
268 
ns 


anyDtoW 
4.5V 
29 
37 
46 
54 
ns 


6.0V 
25 
32 
40 
46 
ns 


tpHL, tPLH 
Maximum 
Propagation 
Delay 
2.0V 
50 
140 
175 
203 
ns 


Strobe to Y 
4.5V 
21 
28 
35 
41 
ns 


6.0V 
18 
24 
30 
35 
ns 


tpHL, tpLH 
Maximum 
Propagation 
Delay 
2.0V 
45 
127 
159 
185 
ns 


StrobetoW 
4.5V 
20 
25 
32 
37 
ns 


6.0V 
17 
22 
28 
32 
ns 


tTLH, tTHL 
Maximum 
Output 
Rise 
2.0V 
30 
75 
95 
110 
ns 


and Fall Time 
4.5V 
8 
15 
19 
22 
ns 


6.0V 
7 
13 
16 
19 
ns 


CPO 
Power Dissipation 
(per package) 
110 
pF 


Capacitance 
(Note 5) 


CIN 
Maximum 
Input 
5 
10 
10 
10 
pF 


Capacitance 


Note 5: CPO determines the no load dynamic 
power 
consumption, 
Po= CPO Vcc2 
f +Ice vce, 
and 
the no 
load dynamic 
current 
consumption, 


Is=Cpo 
VCCf+ICC' 


Note 8: Refer to Section1 for TypicalMM54174HCAC Sw~chingWaveformsandTest Circuits. 


~National 
~ 
semiconductor 


MM54HC153/MM74HC153 
Dual4-lnput 
Multiplexer 


Features 
General 
Description 


This 4-to-1 line multiplexer 
utilizes 
microCMOSTM 
Technolo- 


gy, 3.5 micron 
silicon gate P-well CMOS. 
It has the low pow- 


er consumption 
and high noise immunity 
of standard 
CMOS 


integrated 
circuits. 
This device 
is fully buffered, 
allowing 
it to 


drive 
10 LS-TTL 
loads. 
Information 
on the 
data 
inputs 
of 


each multiplexer 
is selected 
by the address 
on the A and B 


inputs, 
and is presented 
on the Y outputs. 
Each multiplexer 


possesses 
a strobe 
input which 
enables 
it when 
taken 
to a 


low logic level. When a high logic level is applied 
to a strobe 


input, the output 
of its associated 
multiplexer 
is taken 
low. 


The 54HC/74HC 
logic family is functionally 
and pinout com- 


patible 
with the standard 
54LS/74LS 
logic family. All inputs 


are protected 
from damage 
due to static discharge 
by inter- 
nal diode 
clamps 
to Vcc 
and ground. 


• 
Typical 
propagation 
delay: 
24 ns 


• 
Wide 
power 
supply 
range: 
2V-6V 


• 
Low quiescent 
current: 
80 IJ-A maximum 
(74HC 
series) 


• 
Low input current: 
1 IJ-A maximum 
•. 
Fanout 
of 10 LS-TTL 
loads 


DATA INPUTS 
TOP VIEW 
MM54HC153/MM74HC153 


54HC153 
(J) 
74HC153 
(J,N) 


Select 
Data Inputs 
Strobe 
Output 
Inputs 


B 
A 
CO 
C1 
C2 
C3 
G 
Y 


X 
X 
X 
X 
X 
X 
H 
L 


L 
L 
L 
X 
X 
X 
L 
L 


L 
L 
H 
X 
X 
X 
L 
H 


L 
H 
X 
L 
X 
X 
L 
L 


L 
H 
X 
H 
X 
X 
L 
H 
H 
L 
X 
X 
L 
X 
L 
L 
H 
L 
X 
X 
H 
X 
L 
H 


H 
H 
X 
X 
X 
L 
L 
L 
H 
H 
X 
X 
X 
H 
L 
H 


Select inputs A and B are common to both sections. 


H ~ 
high level. L ~ low level, X = don't care. 


Absolute 
Maximum 
Ratings 
(Notes 
1 & 2) 
Operating 
Conditions 


Supply Voltage 
(VccJ 
-0.5 
to + 7.0V 
Mln 
Max 
Units 


DO Input Voltage 
(VIN) 
-1.5 
to Vcc+1.5V 
Supply Voltage(Vcel 
2 
6 
V 


DC Output Voltage 
(Vour) 
-0.5 
to Vce+0.5V 
DC Input or Output Voltage 
0 
Vce 
V 


Clamp Diode Current 
(11K, 10K) 
±20mA 
(VIN.Vour) 


DC Output 
Current, 
per pin (lour) 
±25mA 
Operating 
Temperature 
Range(T A) 
MM74HC 
-40 
+85 
'C 
DC VCC or GND Current, 
per pin (Icel 
±50mA 
MM54HC 
-55 
+125 
'C 
Storage 
Temperature 
Range 
(TsrG) 
-65'Cto 
+ 150'C 
Input Rise or Fall Times 
Power Dissipation 
(PD) (Note 3) 
500mW 
(tr,tf) 
Vcc=2.0V 
1000 
ns 


Lead Temperature 
(T LJ (Soldering 
10 seconds) 
260'C 
Vcc=4.5V 
500 
ns 


Vcc=6.0V 
400 
ns 


DC Electrical 
Characteristics 
(Note 
4) 


TA=25'C 
74HC 
54HC 


Symbol 
Parameter 
Conditions 
Vcc 
TA = -40 
to 85'C 
TA= 
-55 
to 125'C 
Units 
Typ 
Guaranteed 
Limits 


VIH 
Minimum 
High Level 
2.0V 
1.5 
1.5 
1.5 
V 


Input Voltage 
4.5V 
3.15 
3.15 
3.15 
V 


6.0V 
4.2 
4.2 
4.2 
V 


VIL 
Maximum 
Low Level 
2.0V 
0.3 
0.3 
0.3 
V 


Input Voltage 
4.5V 
0.9 
0.9 
0.9 
V 


6.0V 
1.2 
1.2 
1.2 
V 


VOH 
Minimum 
High Level 
VIN = VIH or VIL 
Output 
Voltage 
liourl';;20 
fJ.A 
2.0V 
2.0 
1.9 
1.9 
1.9 
V 


4.5V 
4.5 
4.4 
4.4 
4.4 
V 


6.0V 
6.0 
5.9 
5.9 
5.9 
V 


VIN = VIH or VIL 


Iiourl 
';;4.0 mA 
4.5V 
4.2 
3.96 
3.84 
3.7 
V 


Iiourl 
,;;5.2 mA 
6.0V 
5.3 
5.48 
5.34 
5.2 
V 


VOL 
Maximum 
Low Level 
VIN = VIH or VIL 


Output Voltage 
liourl,;;20 
fJ.A 
2.0V 
0 
0.1 
0.1 
0.1 
V 


4.5V 
0 
0.1 
0.1 
0.1 
V 


6.0V 
0 
0.1 
0.1 
0.1 
V 


VIN = VIH or VIL 
liourl 
,;;4.0 mA 
4.5V 
0.2 
0.26 
0.33 
0.4 
V 


Iiourl 
,;;5.2 mA 
6.0V 
0.2 
0.26 
0.33 
0.4 
V 


IIN 
Maximum 
Input 
VIN = Vcc or GND 
6.0V 
±0.1 
±1.0 
±1.0 
fJ.A 


Current 


Ice 
Maximum 
Quiescent 
VIN = VCC or GND 
6.0V 
8.0 
60 
160 
fJ.A 


Supply Current 
lour=O 
fJ.A 


Note 
1: Absolute 
Maximum 
Ratings are those values beyond which damage 
to the device may occur. 


Note 
2: Unless otherwise 
specified all voltages 
are referenced 
to ground. 


Note 
3: Power Dissipation temperature 
derating - 
plastic "N" 
package: 
-12 
mwrc 
from 65°C 
to 85°C; ceramic 
"J" 
package: -12 mWrC from 
l00'C to 125'C. 


Note 4: For a power supply of 5V ±10% the worst case outputvoltages (VOH.and Vou occur for HC at 4.5V. Thusthe 4.5V valuesshouldbe used when 
designingwiththissupply.WorstcaseVIHandV,Loccurat Vee~ 5.5V and4.5V respectively.(TheV,Hvalueat 5.5V is 3.85V.) Theworstcaseleakagecurrent(I,N. 
Ice. and loZ>occur for CMOS ~t the highervoltageandso the 6.0Vvaluesshouldbe used. 


AC Electrical 
Characteristics 
Vcc=5V, 
TA=25°C, 
CL=15 pF, lr=tf=6 
ns 


Symbol 
Parameter 
Conditions 
Typ 
Guaranteed Limit 


tpHL.tpLH 
Maximum Propagation Delay, Select A or B to Y 
26 
30 


tpHL,tpLH 
Maximum Propagation Delay,Any Data to Y 
20 
23 


tpHL,tPLH 
Maximum Propagation Delay, Strobe to Y 
6 
15 


AC Electrical 
Characteristics 
CL=50 
pF, tr=tf=6 
ns (unless otherwise specified) 


TA=25°C 
74HC 
54HC 


Symbol 
Parameter 
Conditions 
Vcc 
TA= -40 to 85°C TA= -55 to 125°C Units 
Typ 
Guaranteed Limits 


tpHL,tpLH Maximum Propagation 
2.0V 
131 
156 
196 
237 
ns 
Delay, Select A or B to Y 
4.5V 
29 
35 
44 
52 
ns 
6.0V 
25 
30 
36 
45 
ns 


tpHL.tpLH Maximum Propagation 
2.0V 
99 
126 
156 
169 
ns 
Delay,Any Data to Y 
4.5V 
22 
26 
35 
42 
ns 
6.0V 
19 
23 
29 
35 
ns 


tpHL,tpLH Maximum Propagation 
2.0V 
50 
66 
106 
129 
ns 


Delay, Strobe to Y 
4.5V 
12 
19 
24 
29 
ns 
6.0V 
10 
16 
20 
24 
ns 


tTLH,tTHL Maximum Output 
2.0V 
30 
75 
95 
110 
ns 


Rise and Fall 
4.5V 
6 
15 
19 
22 
ns 


Time 
6.0V 
7 
13 
16 
19 
ns 


CIN 
Maximum Input Capacitance 
5 
10 
10 
10 
pF 


CPO 
Power Dissipation 
(Note 5)(per package) 


Capacitance 
Outputs Enabled 
90 
pF 
Outputs Disabled 
25 
pF 


Note 
5: CPO determines 
the 
no load 
dynamic 
power 
consumption, PO=CPD 
Vcc2 
f+lcc 
Vcc. 
and 
the 
no load 
dynamic 
current 
consumption, 


IS-Cpo Vccf+lcc· 


Note 6: Refer to Section 1 for Typical MM54/74HC 
AC Switching Waveforms 
and Test Circuits. 
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~National 
~ 
semiconductor 


MM54HC154/MM74HC154 
4-to-16 Line Decoder 


General 
Description 
This decoder utilizes microCMOSTMTechnology, 3.5 micron 
silicon gate P-well CMOS, and is well suited to memory ad- 
dress decoding or data routing applications. It possesses 
high noise immunity, and low power consumption of CMOS 
with speeds similar to low power Schottky TIL circuits. 
The MM54HC154/MM74HC154 have 4 binary select inputs 
(A, B, C, and 0). If the device is enabled these inputs deter- 
mine which one of the 16 normally high outputs will go low. 
Two active low enables (G1 and (32) are provided to ease 
cascading of decoders with little or no external logic. 


Each output can drive 10 low power Schottky TIL equiva- 
lent loads, and is functionally and pin equivalent to the 
54LS154/74LS154. All inputs are protected from damage 
due to static discharge by diodes to Vcc and ground. 


• 
Typical propagation delay: 21 ns 
• 
Power supply quiescent current: 80 /LA (74HC) 
• 
Wide power supply voltage range: 2-6V 
• 
Low input current: 1 /LA maximum 


INPUTS 
OUTPUTS 


vGC 
' A 
8 
C 
D 
G2 Gl' 
15 
14 
13 
12 
II' 


124 
23 
22 
21 
20 
HI 
18 
17 
18 
15 
14 
13 


3 
4 
5 
8 
7 
8 , 
10 
11.t2 
0 
2 
3 
4 
5 
8 
7 
8 
, 
10. GHD 
, 
OUTPUTS 
TL/F/5122-1 
TOP VIEW 
MM54HC154/MM74HC154 


54HC154(J) 
74HC154 (J,N) 


Truth Table 


Inputs 
Low 
HI 
G1 
G2 
0 
C 
B 
A 
Output' 


L 
L 
L 
L 
L 
L 
0 
L 
L 
L 
L 
L 
H 
1 
L 
L 
L 
L 
H 
L 
2 
L 
L 
L 
L 
H 
H 
3 
L 
L 
L 
H 
L 
L 
4 
L 
L 
L 
H 
L 
H 
5 


'L 
L 
L 
H 
H 
L 
6 
L 
L 
L 
H 
H 
H 
7 
L 
L 
H 
L 
L 
L 
8 
L 
L 
H 
L 
L 
H 
9 
L 
L 
H 
L 
H 
L 
10 
L 
L 
H 
L 
H 
H 
11 
L 
L 
H 
H 
L 
L 
12 
L 
L 
H 
H 
L 
H 
13 
L 
L 
H 
H 
H 
L 
14 
L 
L 
H 
H 
H 
H 
15 
L 
H 
X 
X 
X 
X 
H 
L 
X 
X 
X 
X 
H 
H 
X 
X 
X 
X 


•All others high 


4-119 


Operating 
Conditions 


Mln 
2 
o 


Absolute 
Maximum Ratings 
(Notes 
1 & 2) 


Supply Voltage 
(Vcel 
-0.5 
to + 7.0V 


DC Input Voltage 
(VIN) 
-1.5 
to Vcc+1.5V 


DC Output Voltage 
(VOUT) 
-0.5 
to Vcc+0.5V 


Clamp Diode Current 
(11K, 10K) 
± 20 mA 


DC Output 
Current, 
per pin (lOUT) 
± 25 mA 


DC Vcc or GND Current, 
per pin (Icel 
± 50 mA 


Storage 
Temperature 
Range (TSTG) 
-65·C 
to + 150·C 


Power Dissipation 
(Po) (Note 3) 
500 mW 


Lead Temperature 
(TLl (Soldering 
10 seconds) 
260·C 


Max 
Units 
6 
V 


Vce 
V 


+85 
·C 


+125 
·C 


1000 
ns 
500 
ns 
400 
ns 


Supply Voltage(Vcel 


DC Input or Output Voltage 


(VIN,VOUT) 


Operating 
Temperature 
Range(T A) 
MM74HC 
-40 
MM54HC 
-55 


Input Rise or Fall Times 
(t" tll 
Vcc=2.0V 
Vcc=4.5V 
Vcc=6.0V 


TA=25·C 
74HC 
54HC 


Symbol 
Parameter 
Conditions 
Vcc 
TA= 
-40to 
85·C 
TA= 
-55 
to 125·C 
Units 
Typ 
Guaranteed 
Limits 


VIH 
Minimum 
High 
2.0V 
1.5 
1.5 
1.5 
V 


Level Input 
4.5V 
3.15 
3.15 
3.15 
V 


Voltage 
6.0V 
4.2 
4.2 
4.2 
V 


VIL 
Maximum 
Low 
2.0V 
0.3 
0.3 
0.3 
V 


Level Input 
4.5V 
0.9 
0.9 
0.9 
V 


Voltage 
6.0V 
1.2 
1.2 
1.2 
V 


VOH 
Minimum 
High 
VIN = VIH or VIL 
Level Output 
IIOUTI ,;:;20 /LA 
2.0V 
2.0 
1.9 
1.9 
1.9 
V 


Voltage 
4.5V 
4.5 
4.4 
4.4 
4.4 
V 


6.0V 
6.0 
5.9 
5.9 
5.9 
V 


VIN=VIHorVIL 
IIOUTI ';:;4.0 mA 
4.5V 
4.2 
3.98 
3.84 
3.7 
V 


IIOUTI ,;:;5.2 mA 
6.0V 
5.7 
5.48 
5.34 
5.2 
V 


VOL 
Maximum 
Low 
VIN = VIH or VIL 
Level Output 
IIOUTI';:;20 /LA 
2.0V 
0 
0.1 
0.1 
0.1 
V 
Voltage 
4.5V 
0 
0.1 
0.1 
0.1 
V 


6.0V 
0 
0.1 
0.1 
0.1 
V 


VIN=VIH 
or VIL 


IIOUTI ,;:;4.0 mA 
4.5V 
0.2 
0.26 
0.33 
0.4 
V 


IIOUTI ,;:;5.2 mA 
6.0V 
0.2 
0.26 
0.33 
0.4 
V 


IIN 
Maximum 
VIN = Vcc or GND 
6.0V 
±0.1 
±1.0 
±1.0 
/LA 
Input Current 


Ice 
Maximum 
VIN=Vce 
or GND 
6.0V 
8.0 
80 
160 
/LA 
Quiescent 
IOUT=O 
/LA 
Supply Current 


Note 
1: Absolute 
Maximum Ratings are those values beyond which damage to the device may occur. 


Note 2: Unless otherwise 
specified 
all voltages are referenced 
to ground. 


Note 
3: Power Dissipation temperature 
derating - 
plastic "N" 
package: 
-12 
mwrc 
from 65°C to 85°C: ceramic "J" package: 
-12 mwrc 
from 


100·C to 12S·C. 


Note 
4: For a power supply of SV ± 10% the worst case output voltages 
(VOH. and You 
occur for HC at 4.SV. Thus tile 4.SV values should be used when 
designing with tIlis supply. Worst case VIH and VIL occur at Vcc ~ S.SV and 4.SV respectively. 
(The V,H value at S.SV is 3.8SV.) The worst case leakage current (I,N. 
Ice. and loz) occur for CMOS at the higher voltage and so the 6.0V values should be used. 


TA=25'C 
74HC 
54HC 


Symbol 
Parameter 
Conditions 
Vcc 
TA= 
-40 
to 8S'C 
TA= 
-55 
to 125'C 
Units 


Typ 
Guaranteed 
Limits 


tpHL. tpLH 
Maximum 
Propagation 
2.0V 
63 
160 
190 
220 
ns 


Delay. G1 or G2 
4.5V 
24 
36 
42 
46 
ns 


orA. 
B.C. 
D 
6.0V 
20 
30 
35 
39 
ns 


tTLH. tTHL 
Maximum 
Output 
2.0V 
25 
75 
95 
110 
ns 


Rise and Fall Time 
4.5V 
7 
15 
19 
22 
ns 


6.0V 
6 
13 
16 
19 
ns 


CPO 
Power Dissipation 
90 
pF 


Capacitance 
(Note 5) 


CIN 
Maximum 
Input 
5 
10 
10 
10 
pF 


Capacitance 


Note 
5: Cpo 
determines 
the 
no 
load 
dynamic 
power 
consumption, 
Po=CPD 
Vcc2 
f+lcc 
VCC, 
and 
the 
no 
load 
dynamic 
current 
consumption, 
IS=CpoVCC 
f+lcc· 


Note 
6: Refer to Section 1 for Typical MM54174HC 
AC Switching Waveforms 
and Test Circuits. 
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~National 
~ 
semiconductor 


MM54HC157/MM74HC157 
Quad 2-lnput Multiplexer 
MM54HC158/MM74HC158 
Quad 2-lnput Multiplexer 


(Inverted Output) 


General 
Description 


These 
high 
speed 
QUAD 
2-to-1 
LINE 
DATA 
SELECTOR I 


MULTIPLEXERS 
utilize microCMOSTM 
Technology, 
3.5 mi- 


cron silicon gate P-well CMOS. They possess 
the high noise 


immunity 
and 
low 
power 
consumption 
of standard 
CMOS 


integrated 
circuits, 
as well as the ability 
to drive 10 LS-TIL 


loads. 


These 
devices 
each consist 
of four 2-input 
digital 
multiplex- 
ers 
with 
common 
select 
and 
STROBE 
inputs. 
On 
the 


MM54HC1571MM74HC157, 
when 
the 
STROBE 
input 
is at 


logical 
"0" 
the four outputs 
assume 
the values 
as selected 


from the inputs. 
When 
the STROBE 
input is at a logical 
"1" 
the 
outputs 
assume 
logical 
"0". 
The 
MM54HC1581 
MM74HC158 
operates 
in the same 
manner, 
except 
that its 


outputs 
are inverted. 
Select 
decoding 
is done 
internally 
re- 
sulting 
in a single 
select 
input 
only. 
If enabled, 
the 
select 


input 
determines 
whether 
the A or B inputs 
get 
routed 
to 


their correspondirig 
Y outputs. 


The 54HC/74HC 
logic family 
is functionally 
as well as pin- 


out compatible 
with 
the 
standard 
54lSI74LS 
logic 
family. 


All 
inputs 
are 
protected 
from 
damage 
due 
to 
static 
dis- 


charge 
by internal 
diode clamps 
to Vcc 
and ground. 


Features 


• 
Typical 
propagation 
delay: 
14 ns data to any output 


• 
Wide 
power 
supply 
range: 
2-6V 


• 
Low 
power 
supply 
quiescent 
current: 
80 
",A 
maximum 


(74HC 
series) 


• 
Fan-out 
of 10 LS-TIL 
loads 


• 
Low input current: 
1 ",A maximum 


Connection 
Diagrams 
Dual-ln·Llne 
Package 


INPUTS OUTPUT INPUTS OUTPUT 
-- -- 
vcc 
STROBE4A 
48 
4Y 
3A 
38 
3Y 


116 
15 
14 
13 
12 
11 
10 
fl 


G 
4A 
48 
4Y 
3A 
38 
-S 
3Y - 


1A 
18 
1Y 
2A 
28 
2Y 


1 
2 
3 
4 
5 
6 
7 
/e 


SELECT 
1A 
18 
1Y 
2A 
28 
2Y 
GNO 
- - 
INPUTS OUTPUT INPUTS OUTPUT 


MM54HC157/MM74HC157 


54HC157 
(J) 
74HC157 
(J,N) 


INPUTS OUTPUT INPUTS OUTPUT 
-- -- 
vcc 
STROBE4A 
48 
4Y 
3A 
38 
3Y 


116 
15 
14 
·13 
12 
11 
10 
9 


G 
4A 
48 
4Y 
3A 
38 
-s 
3Y P- 


1A 
18 
1Y 
2A 
28 
2Y 


1 
2 
3 
•• 
5 
6 
7 
Ie 


SELECT 
1A 
18 
1Y 
2A 
28 
2Y 
GND 
- - 
INPUTS OUTPUT INPUTS OUTPUT 


Inputs 
Output 
Y 


Strobe 
Select 
A 
B 
HC157 
HC158 


H 
X 
X 
X 
L 
H 


L 
L 
L 
X 
L 
H 
L 
L 
H 
X 
H 
L 
L 
H 
X 
L 
L 
H 
L 
H 
X 
H 
H 
L 


Absolute 
Maximum Ratings 
(Notes 
1 & 2) 
Operating 
Conditions 


Supply Voltage 
(Ved 
-0.5 
to + 7.0V 
Mln 
Max 
Units 


DC Input Voltage 
(VIN) 
-1.5 
to Vee+1.5V 
Supply Voltage(Vee) 
2 
6 
V 


DC Output Voltage 
(VOUT) 
-0.5 
to Vcc+0.5V 
DC Input or Output Voltage 
0 
Vcc 
V 


Clamp Diode Current 
(11K, 10K) 
±20mA 
(VIN,VOUT) 


DC Output Current. 
per pin (lOUT) 
±25mA 
Operating 
Temperature 
Range(T A) 
MM74HC 
-40 
+85 
·C 


DC Vee or GND Current, 
per pin (Ice) 
±50mA 
MM54HC 
-55 
+125 
·C 


Storage 
Temperature 
Range (TSTG) 
-65·Cto 
+ 150·C 
Input Rise or Fall Times 


Power Dissipation 
(Po) (Note 3) 
500mW 
(t" tll 
Vcc=2.0V 
1000 
ns 


Lead Temperature 
(TLl (Soldering 
10 seconds) 
260·C 
Vee=4.5V 
500 
ns 
Vee=6.0V 
400 
ns 


DC Electrical Characteristics 
(Note 
4) 


TA=2S·C 
74HC 
S4HC 


Symbol 
Parameter 
Conditions 
Vcc 
TA= 
-40 
to 8S·C 
TA= 
-SSto12SOC 
Units 
Typ 
Guaranteed 
Limits 


VIH 
Minimum 
High Level 
2.0V 
1.5 
1.5 
1.5 
V 


Input Voltage 
4.5V 
3.15 
3.15 
3.15 
V 


6.0V 
4.2 
4.2 
4.2 
V 


VIL 
Maximum 
Low Level 
2.0V 
0.3 
0.3 
0.3 
V 


Input Voltage 
4.5V 
0.9 
0.9 
0.9 
V 


6.0V 
1.2 
1.2 
1.2 
V 


VOH 
Minimum 
High Level 
VIN = VIH or VIL 


Output 
Voltage 
IIOUTI:S:20 /LA 
2.0V 
2.0 
1.9 
1.9 
1.9 
V 


4.5V 
4.5 
4.4 
4.4 
4.4 
V 


6.0V 
6.0 
5.9 
5.9 
5.9 
V 


VIN = VIH or VIL 
IIOUTI :S:4.0 mA 
4.5V 
4.2 
3.98 
3.84 
3.7 
V 


IIOUTI:s:5.2 mA 
6.0V 
5.7 
5.48 
5.34 
5.2 
V 


VOL 
Maximum 
Low Level 
VIN=VIHorVIL 


Output Voltage 
/loUTI:S:20 /LA 
2.0V 
0 
0.1 
0.1 
0.1 
V 


4.5V 
0 
0.1 
0.1 
0.1 
V 


6.0V 
0 
0.1 
0.1 
0.1 
V 


VIN = VIH or VIL 
IIOUTI:S:4.0 mA 
4.5V 
0.2 
0.26 
0.33 
0.4 
V 


IIOUTI:S:5.2 mA 
6.0V 
0.2 
0.26 
0.33 
0.4 
V 


IIN 
Maximum 
Input 
VIN = Vee or GND 
6.0V 
±0.1 
±1.0 
±1.0 
/LA 


Current 


Ice 
Maximum 
Quiescent 
VIN=VCC 
or GND 
6.0V 
8.0 
80 
160 
/LA 


Supply Current 
IOUT=O 
/LA 


Note 
1: Absolute 
Maximum 
Ratings Bre those values beyond which damage 
to the device 
may occur. 


Note 
2: Unless otherwise 
specified all voltages 
are referenced 
to ground. 


Note 
3: Power Dissipation temperature 
derating - 
plastic "N" 
package: 
-12 
mwrc 
from 65°C to 85°C; ceramic "J" 
package: -12 mWrC Irom 
lOQ·Cto 125·C. 


Note 4: For a power supply015V ±10% the worst case outpuLvoltages(VOH.and Vou occur lor HC at 4.5V.Thus the 4.5V valuesshouldbe used when 
designingwiththissupply.WorstcaseVIHandVILoccurat VCC~ 5.5Vand4.5Vrespectively.(TheVIHvalueat 5.5VIs3.85V.)Theworstcaseleakagecurrent(IIN. 
Ice. and IOV occur for CMOSat the highervoltageandso the 6.0Vvaluesshouldbe used. 


Symbol 
Parameter 
Conditions 
Typ 
Guaranteed 
Units 
Limit 


tpHL. tpLH 
Maximum 
Propagation 
14 
20 
ns 


Delay, Data to Output 


tPHL. tpLH 
Maximum 
Propagation 
14 
20 
ns 


Delay, Select to Output 


tpHL. tPLH 
Maximum 
Propagation 
12 
16 
ns 


Delay. Strobe to Output 
, 


TA=25"C 
74HC 
54HC 


Symbol 
Parameter 
Conditions 
Vcc 
TA= 
-40 
to 85"C 
TA= 
-55 
to 125"C 
Units 
Typ 
Guaranteed 
Limits 


tpHL. tpLH 
Maximum 
Propagation 
2.0V 
63 
125 
156 
166 
ns 


Delay, Data to Output 
4.5V 
13 
25 
32 
37 
ns 


6.0V 
11 
21 
27 
32 
ns 


tpHL. tpLH 
Maximum 
Propagation 
2.0V 
63 
125 
156 
166 
ns 


Delay. Select 
to Output 
4.5V 
13 
25 
32 
37 
ns 


6.0V 
11 
21 
27 
32 
ns 


tPHL. tpLH 
Maximum 
Propagation 
2.0V 
56 
115 
145 
171 
ns 


Delay. Strobe to Output 
4.5V 
12 
23 
29 
34 
ns 


6.0V 
10 
20 
25 
29 
ns 


tTLH. tTHL 
Maximum 
Output 
Rise 
2.0V 
30 
75 
95 
110 
ns 


and Fall Time 
4.5V 
6 
15 
19 
22 
ns 


6.0V 
7 
13 
16 
19 
ns 


CIN 
Maximum 
Input 
5 
10 
10 
10 
pF 


Capacitance 


CPD 
Power Dissipation 
pF 
Capacitance 
(Note 5) 


Note 
5: Cpo 
determines 
the 
no load dynamic 
power 
consumption, 
PO=CPD 
Vcc2 
f+lcc 
Vcc, 
and the no 
load dynamic 
current 
consumption, 
1:>=CPO Vcc f+1cc· 


Nole 
6: Refer to Section 1 for Typical 
MM54/74HC 
AC SWitching Waveforms 
and Test Circuits. 
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MM54HC160/MM74HC160 
Synchronous Decade Counter with Asynchronous 
Clear 
MM54HC161/MM74HC161 
Synchronous Binary Counter with Asynchronous 
Clear 
MM54HC162/MM74HC162 
Synchronous Decade Counter with Synchronous Clear 
MM54HC163/MM74HC163 
Synchronous Binary Counter with Synchronous Clear 


General Description 


The 
MM54HC160/MM74HC160, 
MM54HC1611 


MM74HC161, 
MM54HC162/MM74HC162, 
and 


MM54HC163/MM74HC163 
synchronous 
presettable 
coun- 


ters 
utilize 
microCMOSTM 
Technology, 
3.5 
micron 
silicon 


gate 
P-well 
CMOS, 
and internal 
look-ahead 
carry 
logic for 


use in high speed 
counting 
applications. 
They offer the high 


noise 
immunity 
and 
low 
power 
consumption 
inherent 
to 


CMOS 
with speeds 
similar to low power 
Schottky 
TIl. 
The 


'HC160 
and the 'HC162 
are 4 bit decade 
counters, 
and the 


'HC161 
and the 
'HC163 
are 4 bit binary 
counters. 
All flip- 


flops are clocked 
simultaneously 
on the low to high to tran- 


sition 
(positive 
edge) 
of the CLOCK 
input waveform. 


These 
counters 
may be preset 
using the LOAD 
input. 
Pre- 


setting 
of all four flip-flops 
is synchronous 
to the rising edge 


of CLOCK. 
When 
LOAD is held low counting 
is disabled 
and 


the 
data 
on the 
A, B, C, and 
D inputs 
is loaded 
into the 


counter 
on the 
rising 
edge 
of CLOCK. 
If the 
load 
input 
is 


taken 
high 
before 
the 
positive 
edge 
of CLOCK 
the 
count 


operation 
will be unaffected. 


All of these 
counters 
may be cleared 
by utilizing the CLEAR 


input. The clear function 
on the MM54HC162/MM74HC162 


and 
MM54HC163/MM74HC163 
counters 
are synchronous 


to the clock. 
That 
is, the counters 
are cleared 
on the posi- 


tive edge of CLOCK 
while the clear input is held low. 


RIPPlE 
OUTPUTS 
CARRY 
ENABLE 


vcc OUTPUTQA 
Oe 
Qc 
Qo 
T 
LOAO 


10 
g 


RIPPLEQA 
QB 
Qc 
CARRY 
OUTPUT 
CLEAR 


54HC160 
(J) 
54HC161 
(J) 
54HC162 
(J) 
54HC163 
(J) 


74HC160 
(J,N) 
74HC161 
(J,N) 
74HC162 
(J,N) 
74HC163 
(J,N) 


The 
MM54HC160/MM74HC160 
and 
MM54HC1611 


MM74HC161 
counters 
are cleared 
asynchronously. 
When 


the CLEAR 
is taken 
low the counter 
is cleared 
immediately 


regardless 
of the CLOCK. 


Two 
active 
high enable 
inputs 
(ENP and 
ENT) and a RIP- 


PLE CARRY 
(RC) output 
are prOVided to enable 
easy cas- 


cading 
of counters. 
Both 
ENABLE 
inputs 
must 
be high to 


count. 
The 
ENT 
input 
also 
enables 
the 
RC output. 
When 


enabled, 
the RC outputs 
a positive 
pulse when 
the counter 


overflows. 
This pulse 
is approximately 
equal 
in duration 
to 


the high level portion 
of the QA output. 
The RC output 
is fed 


to successive 
cascaded 
stages 
to facilitate 
easy implemen- 


tation 
of N-bit counters. 


All 
inputs 
are 
protected 
from 
damage 
due 
to 
static 
dis- 


charge 
by diodes 
to Vcc 
and ground. 


Features 


• 
Typical 
operating 
frequency: 
40 MHz 


• 
Typical 
propagation 
delay; 
clock 
to Q: 18 ns 


• 
Low quiescent 
current: 
80 I-'A maximum 
(74HC 
series) 


• 
Low input current: 
1 I-'A maximum 


• 
Wide 
power 
supply 
range: 
2-6V 


ClK 
ClR 
ENP 
ENT 
load 
Function 


X 
L 
X 
X 
X 
Clear 
X 
H 
H 
L 
H 
Count& RCdisabled 


X 
H 
l 
H 
H 
Count disabled 
X 
H 
L 
L 
H 
Count& RCdisabled 
t 
H 
X 
X 
L 
Load 
t 
H 
H 
H 
H 
Increment 
Counter 


ClK 
ClR 
ENP 
ENT 
load 
Function 
t 
L 
X 
X 
X 
Clear 
X 
H 
H 
L 
H 
Count& RCdisabled 


X 
H 
L 
H 
H 
Count disabled 


X 
H 
L 
L 
H 
Count& RCdisabled 
t 
H 
X 
X 
L 
Load 
t 
H 
H 
H 
H 
Increment 
Counter 


s:s: 
s:s: 
U1U1 
~~ 
:x::x: 
nn 
..•...•. 
0)0) 
NO 
"s:s: 
s:s: 
•••••••••••• 
~~ 
:x::x: 
nn 
..•...•. 
0)0) 
'ON!=, 
s:s: 
s:s: 
U1U1 
~~ 
:x::x: 
nn 
..•...•. 
0)0) 
W •••. 
"s:s: 
s:s: 
•••••••••••• 
~~ 
:x::x: 
nn 
..•...•. 
0)0) 
W:'" 


Absolute Maximum Ratings (Notes 
1 & 2) 
Operating Conditions 


Supply Voltage 
(Veel 
-0.5 
to + 7.0V 
Min 
Max 
Units 


DC Input Voltage 
(VIN) 
-1.5 
to Vee+1.5V 
Supply Voltage(Veel 
2 
6 
V 


DC Output Voltage 
(VOUT) 
-0.5 
to Vee+0.5V 
DC Input or Output Voltage 
0 
Vee 
V 


Clamp Diode Current 
(11K. 10K) 
±20mA 
(VIN,VOUT) 


DC Output Current, 
per pin (loUT) 
±25mA 
Operating 
Temperature 
Range(T Al 


DC Vee or GND Current, 
per pin (Ieel 
±50mA 
MM74HC 
-40 
+85 
·C 


Storage 
Temperature 
Range (TSTG) , 


-65·Cto 
+150·C 
MM54HC 
-55 
+125 
·C 


Power Dissipation 
(PD) (Note 3) 
500mW 
Input Rise or Fall Times 


(tr,tf) 
Vee=2.0V 
1000 
ns 


Lead Temperature 
(TLl (Soldering 
10 seconds) 
260·C 
Vee=4.5V 
500 
ns 


Vee=6.0V 
400 
ns 
DC Electrical Characteristics 
(Note 
4) 


TA=25·C 
74HC 
54HC 


Symbol 
Parameter 
Conditions 
Vcc 
TA=-40to85·C 
TA = -55 
to 125·C 
Units 
Typ 
Guaranteed 
Limits 


VIH 
Minimum 
High Level 
2.0V 
1.5 
1.5 
1.5 
V 


Input Voltage 
4.5V 
3.15 
3.15 
3.15 
V 


, 
6.0V 
4.2 
4.2 
4.2 
V 


VIL 
Maximum 
Low Level 
, 


2.0V 
0.3 
0.3 
0.3 
V 


Input Voltage 
4.5V 
0.9 
0.9 
0.9 
V 


6.0V 
1.2 
1.2 
1.2 
V 


VOH 
Minimum 
High Level 
VIN = VIH or VIL 
Output Voltage 
liouTI~20 
IJ-A 
2.0V 
2.0 
1.9 
1.9 
1.9 
V 


4.5V 
4.5 
4.4 
4.4 
4.4 
V 


6.0V 
6.0 
5.9 
5.9 
5.9 
V 


VIN = VIH or VIL 


liouTI~4.0 
mA 
4.5V 
4.2 
3.98 
3.84 
3.7 
V 


IIOUTI~5.2 
mA 
6.0V 
5.7 
5.48 
5.34 
5.2 
V 


VOL 
Maximum 
Low Level 
VIN=VIH 
orVIL 


Output Voltage 
IIOUTI~20 
IJ-A 
2.0V 
0 
0.1 
0.1 
0.1 
V 


4.5V 
0 
0.1 
0.1 
0.1 
V 


6.0V 
0 
0.1 
0.1 
0.1 
V 


VIN = VIH or VIL 


IIOUTI~4.0 
mA 
4.5V 
0.2 
0.26 
0.33 
0.4 
V 


IIOUTI~5.2 
mA 
6.0V 
0.2 
0.26 
0.33 
0.4 
V 


IIN 
Maximum 
Input 
VIN=Vee 
or GND 
6.0V 
±0.1 
±1.0 
±1.0 
IJ-A 


Current 


Ice 
Maximum 
Quiescent 
VIN = Vcc or GND 
6.0V 
8.0 
80 
160 
IJ-A 


Supply Current 
IOUT=O IJ-A 


Note 
1: Absolute 
Maximum 
Ratings are those values beyond which damage to the device may occur. 
. 


Note 
2: Unless otherwise 
specified all voltages 
are referenced 
to ground. 


Note 
3: Power Dissipation temperature 
derating - 
plastic "N" 
package: 
-12 
rnwrc 
from 65°C to 85°C; ceramic "J" package: 
-12 
mWrC from 
100"Cto 125·C. 


NO!e 4: For a power supply of 5V ±10% the worst case outputvoltages (VOH.and VoLl occur for HC at 4.5V.ThustI1e4.5Vvaluesshouldbe used when 
designing with this supply. Worst case V1H and VIL occur at Vcc=5.5V 
and 4.5V respectively. 
(The VtH value at 5.5V is 3.85V.) The worst case leakage current (IIN. 


Ice. and lozl occurfor CMOSat the highervoltageand so tI1e6.0Vvaluesshouldbe used. 


AC Electrical Characteristics 
Vcc=5V, 
TA=25°C, 
CL =15 
pF, t,=tf=6 
ns 


Symbol 
Parameter 
Conditions 
Typ 
Guaranteed 
Limit 
Units 


fMAX 
Maximum 
Operating 
Frequency 
43 
30 
MHz 


tpHL, tpLH 
Maximum 
Propagation 
Delay, Clock to RC 
30 
35 
ns 


tpHL, tpLH 
Maximum 
Propagation 
Delay, Clock to Q 
29 
34 
ns 


tpHL, tpLH 
Maximum 
Propagation 
Delay, ENT to RC 
, 
18 
32 
ns 


tPHL 
Maximum 
Propagation 
Delay, Clear to Q or RC 
27 
38 
ns 


tREM 
Minimum 
Removal 
Time, Clear to Clock 
. 
10 
20 
ns 


ts 
Minimum 
Set Up Time Clear, Load, 
30 
ns 


Enable or Data to Clock 


tH 
Minimum 
Hold Time, Data from Clock 
, 


5 
ns 


tw 
Minimum 
Pulse Width Clock, 
16 
ns 


Clear, or Load 


AC Electrical Characteristics 
CL =50 
pF, t,=tf=6 
ns 
(unless 
otherwise 
specified) 


TA=25°C 
74HC 
54HC 


Symbol 
Parameter 
Conditions 
Vcc 
TA = -40 
to 85°C 
TA= 
-55 
to 125°C 
Units 


Typ 
Guaranteed 
Limits 


fMAX 
Maximum 
Operating 
2.0V 
10 
5 
4 
4 
MHz 
Frequency 
4.5V 
40 
27 
21 
18 
MHz 


6.0V 
45 
32 
25 
21 
MHz 


tpHL, tPLH 
Maximum 
Propagation 
2.0V 
100 
215 
271 
320 
ns 
Delay, Clock to RC 
4.5V 
32 
43 
54 
64 
ns 


6.0V 
28 
37 
46 
54 
ns 


tpHL, tPLH 
Maximum 
Propagation 
2.0V 
95 
205 
258 
305 
ns 
Delay, Clock to Q 
4.5V 
30 
41 
52 
61 
ns 


" 
6.0V 
26 
35 
44 
52 
ns 


tpHL, tpLH 
Maximum 
Propagation 
2.0V 
90 
195 
246 
291 
ns 
Delay, ENT to RC 
4.5V 
28 
39 
49 
58 
ns 


6.0V 
24 
33 
42 
49 
ns 


tpHL 
Maximum 
Propagation 
2.0V 
100 
220 
277 
328 
ns 
Delay, Clear to Q or RC 
4.5V 
32 
44 
55' 
66 
ns 


6.0V 
28 
37 
47 
55 
ns 


tREM 
Minimum 
Removal 
Time 
2.0V 
125 
158 
186 
ns 
Clear to Clock 
4.5V 
25 
32 
37 
ns 


6.0V 
21 
27 
32 
ns 


ts 
Minimum 
Set Up Time 
. 
2.0V 
150 
190 
225 
ns 
Clear, Load, Enable 
4.5V 
30 
38 
45 
ns 
or Data to Clock 
6.0V 
26 
32 
38 
ns 


tH 
Minimum 
Hold Time 
2.0V 
50 
63 
75 
ns 
Data from Clock 
4.5V 
10 
13 
15 
ns 


6.0V 
9 
11 
13 
ns 


tw 
Minimum 
Pulse Width 
2.0V 
80 
100 
120 
ns 
Clock, Clear, or 
4.5V 
16 
20 
24 
ns 


Load 
6.0V 
14 
17 
20 
ns 


tTLH, tTHL 
Maximum 
2.0V 
40 
75 
95 
110 
ns 
Output 
Rise and 
4.5V 
8 
15 
19 
22 
ns 
Fall Time 
6.0V 
7 
13 
16 
19 
ns 


t"tf 
Maximum 
Input Rise and 
2.0V 
1000 
1000 
1000 
ns 
Fall Time 
4.5V 
500 
500 
500 
ns 


6.0V 
400 
400 
400 
ns 


CPO 
Power Dissipation 
(per package) 
90 
pF 
Capacitance 
(Note 5) 


CIN 
Maximum 
Input Capacitance 
5 
10 
10 
10 
pF 


Note 
5: CPO determines 
the 
no 
load 
dynamic 
power 
consumption, 
Po= CPO 
Vcc2 
f+ Ice 
Vcc. 
and 
the 
no 
load 
dynamic 
current 
consumption, 
Is~CPD Vcc f+1cc· 


Note 6: Refer to Section 1 for Typical MM54174 He AC SWitching Waveforms 
and Test Circuits. 
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sequence: 
(1) Clear outputs to zero 
(2) Preset to BCD seven 
(3) Count to eight. nine. zero, one, two, and three 
(4) Inhibit 


CLEAR 


160 


CLEAR 
162 


DATA{: 
INPUTS 
C 


D 


CLOCK 
160 


CLOCK 
162 


ENABLE 
P 


CLEAR 
161 


CLEAR 
163 


LOAD 


{ 


A 


DATA 
B 


INPUTS 
C 


D 


CLOCK 
,., 


CLOCK 
,.3 


Sequence: 
(1) Clear outputs to zero 
(2) Preset to binary twelve 
(3) Count to thirteen, fourteen, 
fifteen, zero, one and two 


(4) Inhibit 


MM54HC164/MM74HC164 
8-Bit Serial-in/Paraliel-out Shift Register 


General Description 
The MM54HC164/MM74HC164 utilize microCMOSTMTech- 
nology, 3.5 micron silicon gate P-well CMOS. It has the high 
noise immunity and low consumption of standard CMOS in- 
tegrated circuits. It also offers speeds comparable to low 
power Schottky devices. 


This 8-BIT SHIFT REGISTER has gated serial inputs and 
CLEAR. Each register bit is a D-type master/slave flip flop. 
Inputs A & B permit complete control over the incoming 
data. A low at either or both inputs inhibits entry of new data 
and resets the first flip flop to the low level at the next clock 
pulse. A high level on one input enables the other input 
which will then determine the state of the first flip flop. Data 
at the serial inputs may be changed while the clock is high 
or low, but only information meeting the setup and hold time 
requirements will be entered. Data is serially shifted in and 
out of the 8-BIT REGISTER during the positive going tran- 
sition of the clock pulse. Clear is independent of the clock 
and accomplished by a low level at the CLEAR input. 


~National 
~ 
semiconductor 


Connection 
Diagram 


Dual·ln-Llne Package 


1,4 
13 
12 
11 
10 
9 
8 


r- 
< 


1 
2 
3 
4 
5 
• I' 
~ 
!l- 
Os 
OC 


SERIAL 
IfiFUTS 
OUTPUTS 


MM54HC164/MM74HC164 


54HC164 (J) 
74HC164 (J,N) 


Logic Diagram 


SERIAL l- 
INPUTS 
B 


The 54HC174HC logic family is functionally as well as pin- 
out compatible with the standard 54lS174lS 
logic family. 


All inputs are protected from damage due to static dis- 
charge by internal diode clamps to Vcc and ground. 


• 
Typical operating frequency: 50 MHz 
• 
Typical propagation delay: 19 ns (Clock to Q) 


• 
Wide operating supply voltage range: 2-6V 
• 
low input current: < 1 p.A 
• 
low quiescent supply current: 80 p.A maximum (74HC 
series) 
• 
Fanout of 10 lS-TIlloads 


Inputs 
Outputs 


Clear 
Clock 
A 
B 
QA 
Qs 
... 
QH 


l 
X 
X 
X 
l 
l 
l 


H 
l 
X 
X 
QAO 
Qeo 
QHO 


H 
i 
H 
H 
H 
QAn 
QGn 


H 
i 
l 
X 
l 
QAn 
QGn 


H 
i 
X 
l 
l 
QAn 
QGn 


H - 
High Level (steady state). L - 
Low Level (steady state) 


X '* Irrelevant 
(any input, including transitions) 
t - Transrtion from low to high level. 
a.o. 
aeo. aHO = the level of a., ae, or aH. respectively, 
before 
the 


indicated steady state input conditions were established. 
aAn, aGn = The level of a. 
or aa before the most recent t transition of 


the clock; indicated a one-brt shift. 


OG 
QH 


TLlF/53'5-2 


Absolute 
Maximum Ratings 
(Notes 
1 & 2) 


Supply Voltage 
(Ved 
-0.5 
to + 7.0V 


DC Input Voltage 
(VIN) 
-1.5 
to Vee+1.5V 


DC Output Voltage 
(VOUT) 
-0.5 
to Vee+0.5V 


Clamp Diode Current 
(11K, 10K) 
±20 
mA 


DC Output 
Current, 
per pin (lOUT) 
± 25 mA 


DC Vee or GND Current, 
per pin (lcd 
± 50 mA 


Storage 
Temperature 
Range (TSTG) 
-.65·C 
to + 150·C 


Power Dissipation 
(Po) (Note 3) 
500 mW 


Lead Temperature 
(TJ (Soldering 
10 seconds) 
260·C 


Operating 
Conditions 
Mln 
2 
o 


Max 
Units 
6 
V 


Vce 
V 


+85 
·C 


+125 
·C 


1000 
ns 


500 
ns 


400 
ns 


Supply Voltage (Vee) 


DC Input or Output Voltage 


(VIN,VOUT) 


Operating 
Temperature 
Range(T A) 
MM74HC 
-40 
MM54HC 
-55 


Input Rise or Fall Times 


(t" tll 
Vee=2.0V 
Vee=4.5V 
Vee=6.0V 


TA=25·C 
74HC 
54HC 


Symbol 
Parameter 
Conditions 
Vcc 
TA=-40t085·C 
TA = -55 
to 125·C 
Units 


Typ 
Guaranteed 
Limits 


VIH 
Minimum 
High Level 
2.0V 
1.5 
1.5 
1.5 
V 


Input Voltage 
4.5V 
3.15 
3.15 
3.15 
V 


6.0V 
4.2 
4.2 
4.2 
V 


VIL 
Maximum 
Low Level 
2.0V 
0.3 
0.3 
0.3 
V 


Input Voltage 
4.5V 
0.9 
0.9 
0.9 
V 


6.0V 
1.2 
1.2 
1.2 
V 


VOH 
Minimum 
High Level 
VIN = VIH or VIL 


Output Voltage 
IIOUTI:5:20 !-LA 
2.0V 
2.0 
1.9 
1.9 
1.9 
V 


4.5V 
4.5 
4.4 
4.4 
4.4 
V 


6.0V 
6.0 
5.9 
5.9 
5.9 
V 


VIN=VIH 
or VIL 


liouTI:5:4.0 
mA 
4.5V 
4.2 
3.98 
3.84 
3.7 
V 


liouTI:5: 5.2 mA 
6.0V 
5.7 
5.48 
5.34 
5.2 
V 


VOL 
Maximum 
Low Level 
VIN = VIH or VIL 


Output 
Voltage 
IloUTI :5:20 !-LA 
2.0V 
0 
0.1 
0.1 
0.1 
V 


4.5V 
0 
0.1 
0.1 
0.1 
V 


6.0V 
0 
0.1 
0.1 
0.1 
V 


VIN = VIH or VIL 


IIOUTI:5:4.0 mA 
4.5V 
0.2 
0.26 
0.33 
0.4 
V 


IIOUTI:5:5.2 mA 
6.0V 
0.2 
0.26 
0.33 
0.4 
V 


IIN 
Maximum 
Input 
VIN = Vee or GND 
6.0V 
±0.1 
±1.0 
±1.0 
!-LA 


Current 


Ice 
Maximum 
Quiescent 
VIN=VeeorGND 
6.0V 
8.0 
80 
160 
!-LA 


Supply Current 
IOUT=O 
!-LA 


Note 
1: Absolute 
Maximum 
Ratings are those values beyond which damage to the device may occur. 


Note 2: Unless otherwise 
specified 
all voltages are referenced 
to ground. 


Note 
3: Power 
Dissipation 
temperature 
derating 
- 
plastic 
"N" 
package: 
-12 
mwrc 
from 
65°C 
to 85°C; 
ceramic 
"J" 
package: 
-12 
mwrc 
from 
100'C to 125·C. 


Note 4: For a power supply of 5V ±10% 
the worst case output voltages 
(VOH. and Vou occur for He at 4.5V. Thus the 4.5V values should be used when 
designing with this supply. Worst case VIH and VIL occur at Vee= 
5.5V and 4.5V respectively. 
(The VIH value at 5.5V is 3.85V.) The worst case leakage current (IIN. 
Ice. and loz) occur for CMOS at the higher voltage and so the 6.0V values should be used. 


AC Electrical Characteristics 


Vcc=5V, 
TA=25°C, 
CL =15 
pF, tr=tl=6 
ns 


Symbol 
Parameter 
Conditions 
Typ 
Guaranteed 
Units 
Limit 


fMAX 
Maximum 
Operating 
30 
MHz 
Frequency 


tpHL, tpLH 
Maximum 
Propagation 
19 
30 
ns 
Delay, Clock to Output 


tpHL, tpLH 
Maximum 
Propagation 
23 
35 
ns 
Delay, Clear to Output 


tREM 
Minimum 
Removal 
Time, 
-2 
0 
ns 
Clear to Clock 


ts 
Minimum 
Set Up Time 
12" 
20 
ns 
Data to Clock 


tH 
Minimum 
Hold Time 
1 
5 
ns 
Clock to Data 


tw 
Minimum 
Pulse Width 
10 
16 
ns 
Clear or Clock 


AC Electrical Characteristics 
CL =50 
pF, 
tr=tl=6 
ns (unless 
otherwise 
specified) 


TA=25°C 
74HC 
54HC 


Symbol 
Parameter 
Conditions 
Vcc 
TA= 
-40to 
85°C 
TA = -55 
to 125°C 
Units 
Typ 
Guaranteed 
Limits 


fMAX 
Maximum 
Operating 
2.0V 
5 
4 
3 


Frequency 
4.5V 
27 
21 
18 
MHz 


6.0V 
31 
24 
20 
MHz 


tpHL, tpLH 
Maximum 
Propagation 
2.0V 
115 
175 
218 
254 
ns 


Delay, Clock to Output 
4.5V 
13 
35 
44 
51 
ns 


6.0V 
20 
30 
38 
44 
ns 


tpHL, tpLH 
Maximum 
Propagation 
2.0V 
140 
205 
256 
297 
ns 


Delay, Clear to Output 
4.5V 
28 
41 
51 
59 
ns 


6.0V 
24 
35 
44 
51 
ns 


tREM 
Minimum 
Removal 
Time 
2.0V 
-7 
0 
0 
0 
ns 
Clear to Clock 
4.5V 
-3 
0 
0 
0 
ns 


6.0V 
-2 
0 
0 
0 
ns 


ts 
Minimum 
Set Up Time 
2.0V 
25 
100 
125 
150 
ns 


Data to Clock 
4.5V 
14 
20 
25 
30 
ns 


6.0V 
12 
17 
21 
25 
ns 


tH 
Minimum 
Hold Time 
2.0V 
-2 
5 
5 
5 
ns 
Clock to Data 
4.5V 
0 
5 
5 
5 
ns 


6.0V 
1 
5 
5 
5 
ns 


tw 
Minimum 
Pulse Width 
2.0V 
22 
80 
100 
120 
ns 
Clear or Clock 
4.5V 
11 
16 
20 
24 
ns 


6.0V 
10 
14 
18 
20 
ns 


tTHL, tTLH 
Maximum 
Output 
2.0V 
75 
95 
110 
ns 


Rise and Fall Time 
4.5V 
15 
19 
22 
ns 


6.0V 
13 
16 
19 
ns 


tr,tl 
Maximum 
Input Rise and 
2.0V 
1000 
1000 
1000 
ns 


Fall Time 
4.5V 
500 
500 
500 
ns 


6.0V 
400 
400 
400 
ns 


CPD 
Power Dissipation 
(per package) 
5.0V 
150 
pF 
Capacitance 
(Note 5) 


CIN 
Maximum 
Input 
5 
10 
10 
10 
pF 


Capacitance 


Note 
5: CPO determines 
the 
no 
load 
dynamic 
power 
consumption, 
PD~CPD Vcc2 1+lcc 
VCC, and the no load 
dynamic 
current 
consumption, 


Is~CPD Vcc 1+lcc· 


Note 6: Refer to Section 1 for Typical MM54174 He AC SWitching Waveforms 
and Test Circuits. 


~National 
' 


~ 
semiconductor 


MM54HC165/MM74HC165 
Paraliel-in/Serial-out 
a-Bit Shift Register 


General Description 
The MM54HC165/MM74HC165 high speed PARALLEL-IN/ 
SERIAL-OUT SHIFT 
REGISTER utilizes microCMOSTM 


Technology, 3.5 micron silicon gate P-well CMOS. It has the 
low power consumption and high noise immunity of stan- 
dard CMOS integrated circuits, along with the ability to drive 
10 LS-TTL loads. 


This 8-bit serial shift register shifts data from QA to QH when 
clocked. Parallel inputs to each stage are enabled by a low 
level at the SHIFT/LOAD input. Also included is a gated 
CLOCK inpllt and a complementary output from the eighth 
bit. 


Clocking is accomplished through a 2-input NOR gate per- 
mitting one input to be used as a CLOCK INHIBIT function. 
Holding either of the CLOCK inputs high inhibits clocking, 
and holding either CLOCK input low with the SHIFT/LOAD 
input high enables the other CLOCK input. Data transfer 
occurs on the positive going edge of the clock. Parallel load- 


CLOCK 
0 


••• 
81T 
s••n 
lOAD 


CK 


MM54HC165/MM74HC165 


54HC165 (J) 
74HC165 (J,N) 


ing is inhibited as long as the SHIFT/LOAD input is high. 
When taken low, data at the parallel inputs is loaded directly 
into the register independent of the state of the clock. 


The 54HC174HC logic family is functionally as well as pin- 
out compatible with the standard 54LS/74LS logic family. 
All inputs are protected from damage due to static dis- 
charge by internal diode clamps to Vcc and ground. 


Features 


• 
Typical propagation delay: 20 ns (Clock to Q) 


• 
Wide operating supply voltage range: 2-6V 
• 
Low input current: <1 fJ-A 
• 
Low quiescent supply current: 80 fJ-Amaximum 
(74HC series) 
• 
Fanout of 10 LS-TTL loads 


Inputs 
Internal 
Output 


Shift! 
Clock 
Parallel 
Outputs 
QH 
Clock 
Serial 
Load 
Inhibit 
A ... 
H 
QA 
Qa 


L 
X 
X 
X 
a ... 
h 
a 
b 
h 
H 
L 
L 
X 
X 
QAO Qeo 
QHO 


H 
L 
i 
H 
X 
H 
QAN 
QGN 


H 
L 
i 
L 
X 
L 
QAN 
QGN 
H 
H 
X 
X 
X 
QAO Qeo 
QHO 


H = High Level (steady state). L = Low Level (steady state) 


X = Irrelevant 
(any input, including transitions) 
t = Transition 
from low to high level 


OM. 
0eo. 
0HO = 
The level of OA. Oe. or OH. respectively. 
before 
the 
indicated 
steady·state 
input conditions 
were 
established. 


OAN. 0GN = The level of QA or QG before 
the most recent t transition 
of 
the clock; indicates a one-bit shift. 


Operating Conditions 


Mln 
2 
o 


Absolute Maximum Ratings (Notes 
1 & 2) 


Supply Voltage 
(Veel 
-0.5 
to + 7.0V 


DC Input Voltage 
(VIN) 
-1.5 
to Vee+1.5V 


DC Output Voltage 
(VOUT) 
-0.5 
to Vee+0.5V 


Clamp Diode Current 
(11K. loKl 
±20 
mA 


DC Output 
Current, 
per pin (lOUT) 
± 25 mA 


DC Vee or GND Current. 
per pin (Ieel 
± 50 mA 


Storage 
Temperature 
Range (TSTG) 
- 65'C to + 150'C 


Power Dissipation 
(Po) (Note 3) 
500 mW 


Lead Temperature 
(TU (Soldering 
10 seconds) 
260'C 


Max 
Units 


6 
V 


Vee 
V 


+85 
'C 
+125 
'C 


1000 
ns 
500 
ns 
400 
ns 


Supply Voltage(Veel 


DC Input or Output 
Voltage 


(VIN.VOUT) 


Operating 
Temperature 
Range(T Al 


MM74HC 
-40 
MM54HC 
-55 


Input Rise or Fall Times 


(tr• tt) 
Vee=2.0V 
Vee=4.5V 
Vee=6.0V 


TA=25'C 
74HC 
54HC 


Symbol 
Parameter 
Conditions 
Vee 
TA = -40 
to 85'C 
TA= 
-55 
to 125'C 
Units 
Typ 
Guaranteed 
Limits 


VIH 
Minimum 
High Level 
2.0V 
1.5 
1.5 
1.5 
V 


Input Voltage 
4.5V 
3.15 
'3.15 
3.15 
V 


6.0V 
4.2 
4.2 
4.2 
V 


VIL 
Maximum 
Low Level 
2.0V 
0.3 
0.3 
0.3 
V 


Input Voltage 
4.5V 
0.9 
0.9 
0.9 
V 


6.0V 
1.2 
1.2 
1.2 
V 


VOH 
Minimum 
High Level 
VIN = VIH or VIL 
Output Voltage 
IIOUTIS:20 J.'A 
2.0V 
2.0 
1.9 
1.9 
1.9 
V 


4.5V 
4.5 
4.4 
4.4 
4.4 
V 


6.0V 
6.0 
5.9 
5.9 
5.9 
V 


VIN = VIH or VIL 


IIOUTIS:4.0 mA 
4.5V 
4.2 
3.98 
3.84 
3.7 
V 


IIOUTIS:5.2 mA 
6.0V 
5.7 
5.48 
5.34 
5.2 
V 


VOL 
Maximum 
Low Level 
VIN = VIH or VIL 
Output Voltage 
liouTI s: 20 J.'A 
2.0V 
0 
0.1 
0.1 
0.1 
V 


4.5V 
0 
0.1 
0.1 
0.1 
V 
. 
6.0V 
0 
0.1 
0.1 
0.1 
V 


VIN = VIH or VIL 


liouTIS:4.0 
mA 
4.5V 
0.2 
0.26 
0.33 
0.4 
V 


liouTI s: 5.2 mA 
6.0V 
0.2 
0.26 
0.33 
0.4 
V 


IIN 
Maximum 
Input 
VIN=VeeorGND 
6.0V 
±0.1 
±1.0 
±1.0 
J.'A 
Current 
Vcc=2-6V 


Ice 
Maximum 
Quiescent 
VIN=VeeorGND 
6.0V 
8.0 
80 
160 
J.'A 
Supply Current 
lou-r=OJ.'A 


Vee=2-6V 


Note 
1: Absolute 
Maximum 
Ratings are those values beyond which damage to the device may occur. 


Note 
2: Unless otherwise 
specified all voltages are referenced 
to ground. 


Not8 
3: Power Dissipation temperature 
derating - 
plastic "N" 
package: 
-12 
mWrc from 65°C to 85°C; 
ceramic "J" package: 
-12 
mWrc from 


1QO'e to 125'e. 


Note 
4: For a power supply of 5V ±10% 
the worst case output voltages 
(VOH. and You occur tor He at 4.5V. Thus the 4.5V values should be used when 


designing with this supply. Worst case VIH and VIL occur at Vcc=5.5V 
and 4.5V respectively. 
(The VIH value at 5.5V is 3.85V.) The worst case leakage current (lIN.' 


lcc. 
and lev 
occur for CMOS at the higher voltage and so the 6.0V values should be used. 


AC Electrical Characteristics 
Vcc=5V, 
TA=25'C, 
CL =15 
pF, tr=tf=6 
ns 


Symbol 
Parameter 
Conditions 
Typ 
Guaranteed 
Limit 
Units 


fMAX 
Maximum 
Operating 
Frequency 
50 
30 
MHz 


lpHL, tPLH 
Maximum 
Propagation 
Delay H to QH or QH 
15 
25 
ns 


tpHL, tpLH 
Maximum 
Propagation 
Delay 
13 
25 
ns 
. 
Serial Shift/Parallel 
Load to QH 


tpHL, tPLH 
Maximum 
Propagation 
Delay 
15. 
25 
ns 
Clock to Output 
Is 
Minimum 
Set Up Time Serial Input 
10 
20 
ns 
to Clock, 
Parallel or Data to Shift/Load 
Is 
Minimum 
Set Up Time Shift/Load 
to Clock 
11 
20 
ns 
Is 
Minimum 
Set Up Time Clock Inhibit to Clock 
10 
20 
ns 


tH 
Minimum 
Hold Time Serial 
0 
ns 
Input to Clock or 
Parallel 
Data to Shift/Load 


tw 
Minimum 
Pulse Width Clock 
16 
ns 


AC Electrical Characteristics 
CL =50 
pF, tr=tf=6 
ns 
(unless 
otherwise 
specified) 


TA=25'C 
74HC 
54HC 


Symbol 
Parameter 
Conditions 
Vcc 
TA= 
-40 
to 85'C 
TA = -55 
to 125'C 
Units 
Typ 
Guaranteed 
Limits 


fMAX 
Maximum 
Operating 
2.0V 
10 
5 
4 
4 
MHz 
Frequency 
4.5V 
45 
27 
21 
18 
MHz 
6.0V 
50 
32 
25 
21 
MHz 


tPHL, tpLH 
Maximum 
Propagation 
2.0V 
70 
150 
189 
225 
ns 
Delay H to QH or QH 
4.5V 
21 
30 
38 
45 
ns 
6.0V 
18 
26 
33 
39 
ns 


tpHL, tpLH 
Maximum 
Propagation 
2.0V 
70 
150 
189 
225 
ns 
Delay Serial Shift/ 
4.5V 
21 
30 
38 
45 
ns 
Parallel 
Load to QH 
6.0V 
18 
26 
33 
39 
ns 


tpHL, tpLH 
Maximum 
Propagation 
2.0V 
70 
150 
189 
225 
ns 
Delay Clock to Output 
4.5V 
21 
30 
38 
45 
ns 
6.0V 
18 
26 
33 
39 
ns 


ts 
Minimum 
Set Up Time 
2.0V 
35 
100 
125 
150 
ns 
Serial Input to Clock, 
4.5V 
11 
20 
25 
30 
ns 
or Parallel 
Data to Shift/Load 
6.0V 
9 
17 
21 
25 
ns 


ts 
Minimum 
Set Up Time 
2.0V 
38 
100 
125 
150 
ns 
Shift/Load 
to Clock 
4.5V 
12 
20 
25 
30 
ns 
6.0V 
9 
17 
21 
25 
ns 


ts 
Minimum 
Set Up Time 
2.0V 
35 
100 
125 
150 
ns 
Clock 
Inhibit to Clock 
4.5V 
11 
20 
25 
30 
ns 
6.0V 
9 
17 
21 
25 
ns 


tH 
Minimum 
Hold Time Serial 
2.0V 
0 
0 
0 
ns 
Input to Clock or 
4.5V 
0 
0 
0 
ns 
Parallel Data to Shift/Load 
6.0V 
0 
0 
0 
ns 


tw 
Minimum 
Pulse Width, 
2.0V 
30 
60 
100 
120 
ns 
Clock 
4.5V 
9 
16 
20 
24 
ns 
6.0V 
8 
14 
18 
20 
ns 


tTHL, tTLH 
Maximum 
Output 
2.0V 
30 
75 
95 
110 
ns 
Rise and Fall Time 
4.5V 
9 
15 
19 
22 
ns 
6.0V 
8 
13 
16 
19 
ns 


tr,tf 
Maximum 
Input Rise and 
2.0V 
1000 
1000 
1000 
ns 
Fall Time 
4.5V 
500 
500 
500 
ns 
6.0V 
400 
400 
400 
ns 


CPO 
Power Dissipation 
(per package) 
100 
pF 
Capacitance 
(Note 5) 


CIN 
Maximum 
Input Capacitance 
5 
10 
10 
10 
pF 


Note 
5: CPO determines the no load dynamic power consumption, PO=CPD Vcc2 
f+lcc 
Vcc. 
and 
the 
no load 
dynamic 
current 
consumption, 
IS~CPDVCC I+ICC· 


Nole 
8: Referto Section1 for TypicalMM54174 HC AC SWitchingWaveformsandTest Circuits. 


MM54HC173/MM74HC173 
TRI-ST ATE ® Quad D Flip-Flop 


General 
Description 
The MM54HC173/MM74HC173 is a high speed TRI·STATE 
QUAD D TYPE FLlp·FLOP that utilizes microCMOSTM 
Technology, 3.5 micron silicon gate P·well CMOS. It pos· 
sesses the low power consumption and high noise immunity 
of standard CMOS integrated circuits, and can operate at 
speeds comparable to the equivalent low power Schottky 
device. The outputs are buffered. allowing this circuit to 
drive 15 LS·TTL loads. The large output drive capability and 
TRI·STATE feature make this part ideally suited for interfac· 
ing with bus lines in a bus oriented system. 


The four D TYPE FLlP·FLOPS operate synchronously from 
a common clock. The TRI-STATE outputs allow the device 
to be used in bus organized systems. The outputs are 
placed in the TRI-STATE mode when either of the two out- 
put disable pins are in the logic "1" level. The input disable 
allows the flip flops to remain in their present states without 
having to disrupt the clock. If either of the 2 input disables 
are taken to a logic "1" level, the Q outputs are fed back to 


CLEAR 
10 
20 
30 
40 


OUTPUT 
CONTROL 10 
20 
30 
40 


MM54HC173/MM74HC173 


54HC173 (J) 
74HC173 (J,N) 


the inputs, forcing the flip flops to remain in the same state. 
Clearing is enabled by taking the CLEAR input to a logic "1" 
level. The data outputs change state on the positive going 
edge of the clock. 


The 54HC174HC logic family is functionally as well as pin- 
out compatible with the standard 54LS174LS logic family. 
All inputs are protected from damage due to static dis- 
charge by internal diode clamps to Vcc and ground. 


Features 


• 
Typical propagation delay: 18 ns 
• 
Wide operating supply voltage range: 2-6V 
• 
TRI-STATE outputs 
• 
Low input current: <1 ",A maximum 
• 
Low quiescent supply current: 80 ",A maximum (74HC) 


• 
High output drive current: 6 mA minimum 


Inputs 


Data Enable 
Data 
Output 
Clear 
Clock 
G1 
G2 
0 
Q 


H 
X 
X 
X 
X 
L 
L 
L . 
X 
X 
X 
Qo 
L 
t 
H 
X 
X 
Qo 
L 
t 
X 
H 
X 
Qo 
L 
t 
L 
L 
L 
L 
L 
t 
L 
L 
H 
H 


When either M or N (or both) is (are) high the 
output 
is disabled 
to 
the 
high~impedance 
state: however, sequential operation of the 
flip-flops is not affected. 


H ~ 
high ievel (steady state) 


L = low level (steady state) 
t ~low-to-high 
level transition 


X ~ don't care (any input including transitions) 


00 
- 
the level of 0 before the indicated steady state input condi- 
tions were 
established 


Absolute Maximum Ratings (Notes 
1 & 2) 
Operating Conditions 


Supply Voltage 
(Veel 
-0.5 
to +7.0V 
Mln 
Max 
Units 


DC Input Voltage 
(VIN) 
-1.5 
to Vee+1.5V 
Supply Voltage(Vcc) 
2 
6 
V 


DC Output Voltage 
(VOUT) 
-0.5 
to Vcc+0.5V 
DC Input or Output Voltage 
0 
Vcc 
V 


Clamp Diode Current 
(11K. 10K) 
±20mA 
(VIN.VOUT) 


DC Output Current. 
per pin (lOUT) 
±35mA 
Operating 
Temperature 
Range(T A> 


DC Vee or GND Current. 
per pin (Ieel 
±70mA 
MM74HC 
-40 
+85 
·C 


Storage 
Temperature 
Range (TSTG) 
-65·Cto 
+150·C 
MM54HC 
-55 
+125 
·C 


Power Dissipation 
(Po) (Note 3) 
500mW 
Input Rise or Fall Times 


Lead Temperature 
(Tt.l (Soldering 
10 seconds) 
260·C 
(tr.tf) 
Vee=2.0V 
1000 
ns 


Vee=4.5V 
500 
ns 
Vee=6.0V 
400 
ns 


DC Electrical Characteristics 
(Note 
4) 


TA=25·C 
74HC 
54HC 


Symbol 
Parameter 
Conditions 
Vcc 
TA= 
-40 
to 85·C 
TA= 
-55 
to 125·C 
Units 
Typ 
Guaranteed 
Limits 


VIH 
Minimum 
High Level 
2.0V 
1.5 
1.5 
1.5 
V 


Input Voltage 
4.5V 
3.15 
3.15 
3.15 
V 


6.0V 
4.2 
4.2 
4.2 
V 


VIL 
Maximum 
Low Level 
2.0V 
0.3 
0.3 
0.3 
V 


Input Voltage 
4.5V 
0.9 
0.9 
0.9 
V 


6.0V 
1.2 
1.2 
1.2 
V 


VOH 
Minimum 
High Level 
VIN=VIH 
orVIL' 


Output Voltage 
IIOUTIS:20 I-'A 
2.0V 
2.0 
1.9 
1.9 
1.9 
V 


4.5V 
4.5 
4.4 
4.4 
4.4 
V 


6.0V 
6.0 
5.9 
5.9 
5.9 
V 


VIN = VIH or VIL 


IIOUTI s:6.0 mA 
4.5V 
3.98 
3.84 
3.7 
V 


IIOUTIS:7.8 mA 
6.0V 
5.48 
5.34 
5.2 
V 


VOL 
Maximum 
Low Level 
VIN = VIH or VIL 
Output Voltage 
IIOUTIS:20 I-'A 
2.0V 
0 
0.1 
0.1 
0.1 
V 


4.5V 
0 
0.1 
0.1 
0.1 
V 


6.0V 
0 
0.1 
0.1 
0.1 
V 


VIN = VIH or VIL 


IIOUTI S:6.0 mA 
4.5V 
0.26 
0.33 
0.4 
V 


liouTI s:7.8 mA 
6.0V 
0.26 
0.33 
0.4 
V 


IIN 
Maximum 
Input 
VIN=Vee 
or GND 
6.0V 
±0.1 
±1.0 
±1.0 
I-'A 
Current 


loz 
Maximum 
TRI-STATE 
VOUT=VecorGND 
6.0V 
±O.5 
±5.0 
±10 
I-'A 
Output 
Leakage 
Enable=VIH 


Ice 
Maximum 
Quiescent 
VIN = Vee or GND 
6.0V 
8.0 
80 
160 
I-'A 
Supply Current 
IOUT=O 
I-'A 


Note 
1: Absolute 
Maximum 
Ratings are those values beyond which damage to the device may occur. 


Note 
2: Unless otherwise 
specified all voltages are referenced 
to ground. 


Note 
3: Power 
Dissipation 
temperature 
derating 
- 
plastic 
"N" 
package: 
-12 
mwrc 
from 
65°C to 85°C; 
ceramic 
"J" 
package: 
-12 
mWrC from 
100"Cto 12S·C. 
Note 4: For a power supply of SV ±10% the worst case outputvoltages(VOH.and Vou occur for He at 4.SV.Thusthe 4.SVvaluesshouldbe used when 
designing with this supply. Worst case VIH and VtL occur at Vcc= 
5.5V and 4.5V respectively. 
(The VIH value at 5.5V is 3.85V.) The worst case leakage current (1IN. 


Ice. and lozl occurfor CMOS at the highervoltageand so the 6.QVvaluesshouldbe used. 


\ 


Symbol 
Parameter 
Conditions 
Typ 
Guaranteed 
Limit 
Units 


fMAX 
Maximum 
Operating 
Frequency 
45 
30 
MHz 


tPHL. tPLH 
Maximum 
Propagation 
31 
ns 
Delay: Clock to Q 


tpHL 
Maximum 
Propagation 
18 
27 
ns 
Delay: Clear to Q 


tpZH. tpZL 
Maximum 
Output 
Enable 
RL =1 kO 
18 
28 
ns 
Time 


tpHZ. tpLZ 
Maximum 
Output 
Disable 
RL =1 kO 
16 
25 
ns 
Time 
CL =5 
pF 


ts 
Minimum 
Data Set Up Time 
20 
ns 


ts 
Minimum 
Data Enable Set Up Time 
20 
ns 


tH 
Minimum 
Data Hold Time 
0 
ns 


tH 
Minimum 
Data Enable 
Hold Time 
0 
ns 


tw 
Minimum 
Clock Pulse Width 
16 
ns 


TA=25'C 
74HC 
54HC 


Symbol 
Parameter 
Conditions 
Vcc 
TA=-40t085'C 
TA = -55 
to 125'C 
Units 


Typ 
Guaranteed 
Limits 


fMAX 
Maximum 
Operating 
CL =50 
pF 
2.0V 
10 
5 
4 
4 
MHz 
Frequency 
4.5V 
45 
27 
21 
18 
MHz 


6.0V 
55 
32 
25 
21 
MHz 


tpHL. tpLH 
Maximum 
Propagation 
CL =50 
pF 
2.0V 
80 
175 
220 
262 
ns 
Delay from 
CL =150 
pF 
2.0V 
110 
225 
280 
338 
ns 
Clock to Q 
CL =50 
pF 
4.5V 
23 
35 
44 
53 
ns 


CL =150 
pF 
4.5V 
28 
45 
56 
68 
ns 


CL =50pF 
6.0V 
21 
30 
38 
45 
ns 


CL =150 
pF 
6.0V 
26 
38 
48 
57 
ns 


tpHL 
Maximum 
Propagation 
CL =50pF 
2.0V 
70 
150 
189 
224 
ns 
Delay from Clear to Q 
CL =150 
pF 
2.0V 
100 
200 
252 
298 
ns 


CL =50 
pF 
4.5V 
20 
30 
38 
45 
ns 


CL =150 
pF 
4.5V 
25 
40 
50 
60 
ns 


CL =50 
pF 
6.0V 
17 
26 
32 
38 
ns 


CL =150 
pF 
6.0V 
22 
34 
43 
51 
ns 


tpZH. tpZL 
Maximum 
Output 
RL=1kO 
Enable Time 
CL =50pF 
2.0V 
70 
150 
189 
224 
ns 


CL =150 
pF 
2.0V 
100 
200 
252 
298 
ns 


CL =50 
pF 
4.5V 
20 
30 
38 
45 
ns 


CL =150 
pF 
4.5V 
25 
40 
50 
60 
ns 


CL =50pF 
6.0V 
17 
26 
32 
38 
ns 


CL =150 
pF 
6.0V 
22 
34 
43 
51 
ns 


tpHZ. tpLZ 
Maximum 
Output 
Disable 
RL =1 kO 
2.0V 
70 
150 
189 
224 
ns 
Time 
CL =50 
pF 
4.5V 
20 
30 
38 
45 
ns 


6.0V 
17 
26 
32 
38 
ns 


ts 
Minimum 
Data or Data 
2.0V 
100 
125 
150 
ns 
Enable 
Set Up Time 
4.5V 
20 
25 
30 
ns 


6.0V 
17 
21 
25 
ns 


tREM 
Minimum 
Removal 
2.0V 
90 
112 
135 
ns 
Time 
4.5V 
18 
22 
26 
ns 


6.0V 
15 
19 
22 
ns 


tH 
Minimum 
Data or Data Enable 
2.0V 
0 
0 
0 
ns 
Hold Time 
4.5V 
0 
0 
0 
ns 


6.0V 
0 
0 
0 
ns 


tw 
Minimum 
Clear or Clock 
2.0V 
:30 
80 
100 
120 
ns 
Pulse Width 
4.5V 
9 
16 
20 
24 
ns 


6.0V 
8 
14 
17 
20 
ns 


- 
- 
( 


AC Electrical 
Characteristics 
(Continued) 


Ycc=2.0Y 
to 6.0Y, CL =50 
pF, t,.=tf=6 
ns (unless 
otherwise 
specified) 


TA=25°C 
74HC 
54HC 


Symbol 
Parameter 
Conditions 
Ycc 
TA=-40t085°C 
TA = -55 
to 125°C 
Units 
Typ 
Guaranteed 
LImits 


tTHL, tTLH 
Maximum 
Output 
2.0Y 
25 
60 
75 
90 
ns 


Rise and Fall Time 
4.5Y 
7 
12 
15 
18 
ns 


6.0Y 
5 
10 
13 
15 
ns 


t,., tf 
Maximum 
Input Rise and 
2.0Y 
1000 
1000 
1000 
ns 


Fall Time 
4.5Y 
500 
500 
500 
ns 


6.0Y 
400 
400 
400 
ns 


CPO 
Power Dissipation 
Capacitance 
(per flop) 
80 
pF 


CIN 
Maximum 
Input Capacitance 
5 
10 
10 
10 
pF 


COUT 
Maximum 
Output 
10 
20 
20 
20 
pF 


Capacitance 


Note 5: CPO determines the no load dynamic power consumption. Po-Cpo 
vcc2 
f+lcc 
Vcc. and the no load dynamic current consumption, 
Is~Cpo Vcc f+1cc· 
Note 6: Referto Section1 for TypicalMM54174 HC AC SwitchingWaveformsandTest Circuits. 


- 


~National 
~ 
semiconductor 


General 
Description 


These 
edge triggered 
flip-flops 
utilize 
microCMOSTM 
Tech- 


nology, 
3.5 micron 
silicon 
gate P-well CMOS, 
to implement 
Ootype flip-flops. 
They 
possess 
high 
noise 
immunity, 
low 
power, 
and speeds 
comparable 
to low power 
Schottky 
TTL 


circuits. 
This device 
contains 
6 master-slave 
flip-flops 
with a 
common 
clock 
and common 
clear. Data on the 0 input hav- 
ing the specified 
setup and hold times is transferred 
to the 0 
output 
on the low to high transition 
of the CLOCK 
input. The 
CLEAR 
input when 
low, sets all outputs 
to a low state. 


Each 
output 
can drive 
10 low power 
Schottky 
TTL equiva- 
lent loads. The MM54HC174/MM74HC174 
is functionally 
as 
well as pin compatible 
to the 54LS174/74LS174. 
All inputs 
are protected 
from 
damage 
due to static 
discharge 
by di- 
odes to Vcc 
and ground. 


Features 


• 
Typical 
propagation 
delay: 
16 ns 


• 
Wide 
operating 
voltage 
range: 
2-6V 


• 
Low input current: 
1 I-'A maximum 


• 
Low quiescent 
current: 
80 I-'A (74HC 
series) 


• 
Output 
drive: 
10 LSTTL 
loads 


MM54HC17 
4/MM7 4HC17 4 


54HC174 
(J) 
74HC174 
(J,N) 


Truth Table 


(Each Flip-Flop) 


Inputs 
Outputs 


Clear 
Clock 
0 
Q 


L 
X 
X 
L 
H 
i 
H 
H 
H 
i 
L 
L 
H 
L 
X 
00 


H ~ 
High level (steady state) 
L ~ 
Low level (steady state) 


X = Don't Care 
i 
= Transition from low to high level 


00 
= The level of Q before the indicated steady-state 


input conditions 
were established. 


Operating Conditions 
Mln 
2 
o 


Absolute Maximum Ratings (Notes 
1 & 2) 


Supply Voltage 
(Vcel 
-0.5 
to + 7.0V 


DC Input Voltage 
(VIN) 
-1.5 
to Vcc+1.5V 


DC Output Voltage 
(Vour) 
-0.5 
to Vcc+0.5V 


Clamp Diode Current 
(11K, 10K) 
±20 
mA 


DC Output 
Current, 
per pin (lour) 
± 25 mA 


DC Vcc or GND Current, 
per pin (Icel 
± 50 mA 


Storage 
Temperature 
Range (T8m) 
- 65·C to + 150·C 


Power Dissipation 
(Po) (Note 3) 
500 mW 


lead 
Temperature 
(T Ll (Soldering 
10 seconds) 
260·C 


Max 
Units 
6 
V 


Vcc 
V 


+85 
·C 


+125 
·C 


1000 
ns 
500 
ns 
400 
ns 


Supply Voltage(Vcel 


DC Input or Output Voltage 


(VIN,Vour) 


Operating 
Temperature 
Range(T Al 
MM74HC 
-40 
MM54HC 
-55 


Input Rise or Fall Times 
(tr, tt) 
Vcc=2.0V 
VCC=4.5V 
Vcc=6.0V 


TA=25·C 
74HC 
54HC 


Symbol 
Parameter 
Conditions 
Vcc 
TA= 
-40 
to 85·C 
TA= 
-55 
to 125·C 
Units 
Typ 
Guaranteed 
Limits 


VIH 
Minimum 
High level 
2.0V 
1.5 
1.5 
1.5 
V 


Input Voltage 
4.5V 
3.15 
3.15 
3.15 
V 


6.0V 
4.2 
4.2 
4.2 
V 


VIL 
Maximum 
low 
level 
2.0V 
0.3 
0.3 
0.3 
V 


Input Voltage 
4.5V 
0.9 
0.9 
0.9 
V 


6.0V 
1.2 
1.2 
1.2 
V 


VOH 
Minimum 
High level 
VIN = VIH or VIL 
Output Voltage 
liourl,;;20 
!LA 
2.0V 
2.0 
1.9 
1.9 
1.9 
V 


4.5V 
4.5 
4.4 
4.4 
4.4 
V 


6.0V 
6.0 
5.9 
5.9 
5.9 
V 


VIN = VIH or VIL 
Iiourl 
,;;4.0 mA 
4.5V 
4.2 
3.98 
3.84 
3,7 
V 


Iiourl 
,;;5.2 mA 
6.0V 
5.7 
5.48 
5.34 
5.2 
V 


VOL 
Maximum 
low 
level 
VIN = VIH or VIL 
Output Voltage 
Ilourl.,;;20 
!LA 
2.0V 
0 
0.1 
0.1 
0.1 
V 


4.5V 
0 
0.1 
0.1 
0.1 
V 


6.0V 
0 
0.1 
0.1 
0.1 
V 


VIN = VIH or VIL 
!lourl,;;4.0 
mA 
4.5V 
0.2 
0.26 
0.33 
0.4 
V 


liourl 
,;;5.2 mA 
6.0V 
0.2 
0.26 
0.33 
0.4 
V 


IIN 
Maximum 
Input 
VIN=VCCorGND 
6.0V 
±0.1 
±1.0 
±1.0 
!LA 
Current 


'ce 
Maximum 
Quiescent 
VIN=VccorGND 
6.0V 
8.0 
80 
160 
!LA 
Supply Current 
lour=°!LA 


Note 
1: Absolute 
Maximum Ratings are those values beyond which damage to the device may occur. 


Note 2: Unless otherwise 
specified 
all voltages are referenced 
to ground. 


Note 
3: Power Dissipation temperature 
derating - 
plastic 
"N" 
package: 
-12 
mwrc 
from 65°C to 85°C; ceramic "J" package: 
-12 
mwrc 
from 


100·C to 125·C. 


Note 
4: For a power supply of 5V ±10% 
the worst case output voltages 
(VOH. and VoLl 
occur for HC at 4.5V. Thus the 4.5V values should be used when 


designing with this supply. Worst case VIH and Vil occur at Vcc=5.5V 
and 4.5V respectively. 
(The VIH value at 5.5V is 3.85V.) The worst case leakage current (lIN. 


ICC. and loz) occur for CMOS at the higher voltage and so the 6.0V values should be used. 


:>ymDol 
t"'arameter 
••••. 
Ollaluull~ 
'YII 
Limit 


"'llIl.iD 


fMAX 
Maximum 
Operating 
50 
30 
MHz 


Frequency 


tpHL. tpLH 
Maximum 
Propagation 
16 
30 
ns 


Delay, Clock or Clear to Output 


tREM 
Minimum 
Removal 
Time. 
-2 
5 
ns 


Clear to Clock 


ts 
Minimum 
Set Up Time 
10 
20 
ns 
Data to Clock 


tH 
Minimum 
Hold Time 
0 
5 
ns 


Clock to Data 
• 


tw 
Minimum 
Pulse Width 
10 
16 
ns 


Clock or Clear 


- 


AC Electrical Characteristics 
CL =50 
pF, tr=tl=6 
ns (unless 
otherwise 
specified) 


TA=25oC 
74HC 
54HC 


Symbol 
Parameter 
Conditions 
Vcc 
TA = - 40 to 85°C 
TA= 
-55 
to 125°C 
Units 


Typ 
Guaranteed 
Limits 


fMAX 
Maximum 
Operating 
2.0V 
5 
4 
3 
MHz 


Frequency 
4.5V 
27 
21 
18 
MHz 


6.0V 
31 
24 
20 
MHz 


tpHL, tpLH 
Maximum 
Propagation 
2.0V 
55 
165 
206 
248 
ns 
Delay Clock or Clear to Output 
4.5V 
18 
33 
41 
49 
ns 


6.0V 
16 
28 
35 
42 
ns 


tREM 
Minimum 
Removal 
Time 
2.0V 
1 
5 
5 
5 
ns 
Clear to Clock 
4.5V 
1 
5 
5 
5 
ns 


6.0V 
1 
5 
5 
5 
ns 


ts 
Minimum 
Set Up Time 
2.0V 
42 
100 
125 
150 
ns 
Data to Clock 
4.5V 
12 
20 
25 
30 
ns 


6.0V 
10 
17 
21 
25 
ns 


tH 
Minimum 
Hold Time 
2.0V 
1 
5 
5 
5 
ns 
Clock to Data 
4.5V 
1 
5 
5 
5 
ns 


6.0V 
1 
5 
5 
5 
ns 


tw 
Minimum 
Pulse Width 
2.0V 
35 
80 
106 
120 
ns 
Clock or Clear 
4.5V 
10 
16 
20 
24 
ns 


6.0V 
8 
14 
18 
'20 
ns 


tTLH, tTHL 
Maximum 
Output 
Rise 
2.0V 
30 
75 
95 
110 
ns 
and Fall Time 
4.5V 
8 
15 
19 
22 
ns 


6.0V 
7 
13 
16 
19 
ns 


tr,tl 
Maximum 
Input Rise and 
2.0V 
1000 
1000 
1000 
ns 
Fall Time 
4.5V 
500 
500 
500 
ns 


6.0V 
400 
400 
400 
ns 


CPO 
Power Dissipation 
(per package) 
136 
pF 
Capacitance 
(Note 5) 


CIN 
Maximum 
Input 
5 
10 
10 
10 
pF 
Capacitance 


Note 
5: CPO determines 
the no load 
dynamic 
power 
consumption, 
Po=Cpo vee2 
f+ Ice vee. and the no load 
dynamic 
current 
consumption, 


Is-Cpo vee f+lee· 
Nole 6: Referto Section1 for Typical MM54/74 
HC AC SwitchingWaveformsandTest Circuits. 


'?'A National 
~ 
semiconductor 


MM54HC175/MM74HC175 
Quad D-Type Flip-Flop With Clear 


General 
Description 


This high speed D-TYPE FLIP-FLOP with complementary 
outputs utilize microCMOSTMTechnology, 3.5 micron silicon 
gate P-well CMOS, to achieve the high noise immunity and 
low power consumption of standard CMOS integrated cir- 
cuits, along with the ability to drive 10 LS-TTL loads. 


Information 
at 
the 
D 
inputs 
of 
the 
MM54HC1751 
MM74HC175 is transferred to the 0 and 0 outputs on the 
positive going edge of the clock pulse. Both true and com- 
pliment outputs from each flip flop are externally available. 
All four flip flops are controlled by a common clock and a 
common CLEAR. Clearing is accomplished by a negative 
pulse at the CLEAR input. All four 0 outputs are cleared to a 
logical "0" and all four 0 outputs to a logical "1". 


The 54HC174HC logic family is functionally as well as pin- 
out compatible with the standard 54LS174LS logic family. 
All inputs are protected from damage due to static dis- 
charge by internal diode clamps to Vcc and ground. 


Features 
• 
Typical propagation delay: 15 ns 
• 
Wide operating supply voltage range: 2-6V 


• 
Low input current: <1 /LA maximum 
• 
Low quiescent supply.current: 80 /LA maximum (74HC) 


• 
High output drive current: 4 mA minimum (74HC) 


MM54HC175/MM74HC175 


54HC175 (J) 
74HC175 (J,N) 


Truth Table 


(Each 
Flip-Flop) 
Inputs 
Outputs 


Clear 
Clock 
0 
Q 
Q 


L 
X 
X 
L 
H 
H 
i 
H 
H 
L 
H 
i 
L 
L 
H 
H 
L 
X 
00 
00 


H ~ high level (steady state) 


L ~ 
low level (steady state) 


X = irrelevant 
l' = transition from low to high level 


00 
= 
the level of a before 
the indicated 
steady-state 
input conditions were 
established 


Absolute Maximum Ratin'gs (Notes 
1 & 2) 
Operating Conditions 


Supply Voltage 
(Vee) 
-0.5 
to + 7.0V 
Mln 
Max 
Units 


DC Input Voltage 
(VIN) 
-1.5 
to Vee+1.5V 
Supply Voltage(Vecl 
2 
6 
V 


DC Output Voltage 
(VOUT) 
-0.5 
to Vee+ 
0.5V 
DC Input or Output Voltage 
0 
Vee 
V 


Clamp Diode Current 
(11K,'OK) 
±20mA 
(VIN,VOUT) 


DC Output 
Current, 
per pin (lOUT) 
±25mA 
Operating 
Temperature 
Range(T pJ 


DC Vee or GND Current, 
per pin (Iecl 
±50mA 
MM74HC 
-40 
+85 
·C 


Storage 
Temperature 
Range (TSTG) 
-65·Cto 
+150·C 
MM54HC 
-55 
+125 
·C 


Power Dissipation 
(PD) (Note 3) 
500mW 
Input Rise or Fall Times 


Lead Temperature 
(TLl (Soldering 
10 seconds) 
260·C 
(tr.tf) 
Vee= 
2.0V 
1000 
ns 


Vee=4.5V 
500 
ns 


Vee=6.0V 
. 
400 
ns 
DC Electrical Characteristics 
(Note 
4) 


TA=25·C 
74HC 
54HC 


Symbol 
Parameter 
Conditions 
Vcc 
TA=-40t085·C 
TA= 
-55 
to 125·C 
Units 


Typ 
Guaranteed 
Limits 


VIH 
Minimum 
High Level 
2.0V 
1.5 
1.5 
1.5 
V 


Input Voltage 
4.5V 
3.15 
3.15 
3.15 
V 


6.0V 
4.2 
4.2 
4.2 
V 


VIL 
Maximum 
Low Level 
2.0V 
0.3 
0.3 
0.3 
V 


Input Voltage 
4.5V 
0.9 
0.9 
0.9 
V 


6.0V 
1.2 
1.2 
1.2 
V 


VOH 
Minimum 
High Level 
VIN = VIH or VIL 


Output Voltage 
IIOUTI';;20 
".A 
2.0V 
2.0 
1.9 
1.9 
1.9 
V 


4.5V 
4.5 
4.4 
4.4 
4.4 
V 


6.0V 
6.0 
5.9 
5.9 
5.9 
V 


VIN = VIH or VIL 


IIOUTI';;4.0 
mA 
4.5V 
4.2 
3.98 
3.84 
3.7 
V 


IIOUTI';;5.2 
mA 
6.0V 
5.7 
5.48 
5.34 
5.2 
V 


VOL 
Maximum 
Low Level 
VIN = VIH or VIL 


Output Voltage 
IIOUTI';;20 
".A 
2.0V 
0 
0.1 
0.1 
0.1 
V 


4.5V 
0 
0.1 
0.1 
0.1 
V 


6.0V 
0 
0.1 
0.1 
0.1 
V 


. 
VIN = VIH or VIL 
IIOUTI ,;;4.0 mA 
4.5V 
0.2 
0.26 
0.33 
0.4 
V 


IIOUTI';;5.2 
mA 
6.0V 
0.2 
0.26 
0.33 
0.4 
V 


IIN 
Maximum 
Input 
VIN=VccorGND 
6.0V 
±0.1 
±1.0 
±1.0 
".A 
Current 


Ice 
Maximum 
Quiescent 
VIN=VeeorGND 
6.0V 
8 
80 
160 
".A 
Supply Current 
IOUT=O ".A 


Note 
1: Absolute 
Maximum 
Ratings are those values beyond which damage to the device may occur. 


Note 2: Unless otherwise 
specified all voltages are referenced 
to ground. 


Note 
3: Power 
Dissipation 
temperature 
derating 
- 
plastic 
'IN" package: 
-12 
mwrc 
from 
65°C 
to 85°C; 
ceramic 
"J" 
package: 
-12 
mWrC from 
100·Cto 125·C. 


Note 
4: For a power supply of 5V ±10% 
the worst case output voltages 
(VOH, and VoJ 
occur for He at 4.5V. Thus the 4.5V values should be used when 
designing with this supply. Worst case V1Hand VIL occur at Vcc =5.5V 
and 4.5V respectively. 
(The V1Hvalue at 5.5V is 3,85V.) The worst case leakage current (IIN. 


Ice. and IOV occur for CMOS at the higher voltage and so the 6.0V values should be used . 


. 


AC Electrical Characteristics 


Vee=5V, 
TA=25'C, 
CL =15 
pF, tr=tf=6 
ns 


Symbol 
Parameter 
Conditions 
Typ 
Guaranteed 
Units 
Limit 


fMAX 
Maximum 
Operating 
60 
35 
MHz 
Frequency 


tpHL, tpLH 
Maximum 
Propagation 
15 
25 
ns 
Delay, Clock to Q or a 


tpHL, tpLH 
Maximum 
Propagation 
13 
21 
ns 
Delay, Reset to Q or a 


tREe 
Minimum 
Removal 
20 
ns 
Time, Clear to Clock 
Is 
Minimum 
Set Up Time, Data to Clock 
20 
ns 


tH 
Minimum 
Hold TIme, Data from Clock 
0 
ns 


tw 
Minimum 
Pulse Width, Clock or Clear 
10 
16 
ns 


AC Electrical Characteristics 


Vee=2.0V 
to 6.0V, CL =50 
pF, tr=tf=6 
ns (unless 
otherwise 
specified) 


TA=25'C 
74HC 
54HC 


Symbol 
Parameter 
Conditions 
Vcc 
TA= 
-40 
to 85'C 
TA= 
-55 
to 125'C 
Units 
Typ 
Guaranteed 
Umlts 


fMA)( 
Maximum 
Operating 
2.0V 
12 
6 
5 
4 
MHz 
Frequency 
4.5V 
60 
30 
24 
20 
MHz 
6.0V 
70 
35 
28 
24 
MHz 


tpHL, tpLH 
Maximum 
Propagation 
2.0V 
80 
150 
190 
225 
ns 
Delay, Clock to Q or a 
4.5V 
15 
30 
38 
45 
ns 
6.0V 
13 
26 
32 
38 
ns 


tpHL, tpLH 
Maximum 
Propagation 
2.0V 
64 
125 
158 
186 
ns 
Delay, Reset to Q or a 
4.5V 
14 
25 
32 
37 
ns 
6.0V 
12 
21 
27 
32 
ns 


!REM 
Minimum 
Removal 
Time 
2.0V 
100 
125 
150 
ns 
Clear to Clock 
4.5V 
20 
25 
30 
ns 
6.0V 
17 
21 
25 
ns 


ts 
Minimum 
Set Up Time 
2.0V 
100 
125 
150 
ns 
Data to Clock 
4.5V 
20 
25 
30 
ns 
6.0V 
17 
21 
25 
ns 


tH 
Minimum 
Hold Time 
2.0V 
0 
0 
0 
ns 
Data from Clock 
4.5V 
0 
0 
0 
ns 
6.0V 
0 
0 
0 
ns 


tw 
Minimum 
Pulse Width 
2.0V 
30 
80 
100 
120 
ns 
Clear or Clock 
4.5V 
9 
16 
• 20 
24 
ns 
6.0V 
8 
14 
17 
20 
ns 


lr, tf 
Maximum 
Input Rise and 
2.0V 
1000 
1000 
1000 
ns 
Fall Time 
4.5V 
500 
500 
500 
ns 
6.0V 
400 
400 
400 
ns 


tTLH, tTHL 
Maximum 
2.0V 
30 
75 
95 
110 
ns 
Output 
Rise and 
4.5V 
9 
15 
19 
22 
ns 
Fall Time 
6.0V 
8 
13 
16 
19 
ns 


CPO 
Power Dissipation 
(per 
150 
pF 
Capacitance 
(Note 5) 
package) 


CIN 
Maximum 
Input 
5 
10 
10 
10 
pF 
Capacitance 


Note 
5: Cpo 
determines 
the 
no 
load dynamic 
power 
consumption, 
PO=CPD 
Vcc2 
f+ICC 
Vcc. 
and the 
no load 
dynamic 
current 
consumption, 
Is-Cpo Vee f+1ee· 


Note 6: Refer to Section 1 for Typical 
MM54174 HC AC Swrtching Waveforms 
and Test Circuits. 
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i: 
U1 
2 
~ 
D1 
D 
Q 
Q1 
:E: 


C 
0 
..I. 
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TL/F/5319-2 


MM54HC181/MM74HC181 
Arithmetic Logic Units/Function 
Generators 


General 
Description 


These 
arithmetic 
logic 
units 
(AlU)/function 
generators 
uti- 
lize microCMOSTM 
Technology, 
3.5 micron 
silicon 
gate 
P- 


well CMOS. 
They possess 
the high noise immunity 
and low 


power 
consumption 
of standard 
CMOS 
integrated 
circuits, 
as well as the ability to drive 10 lS-TTlloads. 


The 
MM54HC181/MM74HC181 
are 
arithmetic 
logic 
unit 


(AlU)/function 
generators 
that 
have 
a complexity 
of 
75 


equivalent 
gates 
on a monolithic 
chip. 
These 
circuits 
per- 
form 
16 binary 
arithmetic 
operations 
on two 4-bit words 
as 


shown 
in Tables 
1 and 2. These 
operations 
are selected 
by 


the four function-select 
lines 
(SO, Sl, 
S2, S3) and include 


addition, 
subtraction, 
decrement, 
and 
straight 
transfer. 


When 
performing 
arithmetic 
manipulations, 
the internal 
car- 


ries must be enabled 
by applying 
a low-level 
voltage 
to the 


mode 
control 
input 
(M). A full carry 
look-ahead 
scheme 
is 


made available 
in these devices 
for fast, simultaneous 
carry 


generation 
by means 
of two cascade-outputs 
(pins 15 and 


17) for the four bits in the package. 
When 
used in conjunc- 
tion with 
the 
MM54HC182 
or MM74HC182, 
full carry 
look- 


ahead circuits, 
high-speed 
arithmetic 
operations 
can be per- 


formed. 
The method 
of cascading 
HC182 circuits 
with these 


AlU's 
to provide 
multi-level 
full carry look-ahead 
is illustrat- 


ed 
under 
typical 
applications 
data 
for 
the 
MM54HC182/ 


MM74HC182. 


~National 
~ 
semiconductor 


If high speed 
is not of importance, 
a ripple-carry 
input (Cn) 


and 
a ripple-carry 
output 
(Cn + 4) are available. 
However, 


the ripple-carry 
delay has also been minimized 
so that arith- 
metic 
manipulations 
for 
small 
word 
lengths 
can 
be 
per- 


formed 
without 
ex1ernal circuitry. 


Features 


• 
Full look-ahead 
for high-speed 
operations 
on 


long words 


• 
Arithmetic 
operating 
Modes: 


Addition 


Substraction 


Shift operand 
A one position 
magnitude 
comparison 


Plus Twelve 
other 
arithmetic 
operations 


• 
logic 
funtion 
modes: 


Exclusive-OR 


Comparator 


AND,NAND,OR,NOR 


Plus ten other 
logic operations 


• 
Wide 
operating 
voltage 
range: 
2V-6V 


• 
low 
input current: 
1 I-'A maximum 


• 
low 
quiescent 
current: 
80 I-'A maximum 


Connection 
Diagram 


Dual-ln-L1ne 
Package 


INPUTS 
OUTPUTS 
, 
~---"'----.., 


Vcc 
A1 
B1 
A2 
B2 
A3 
B3 
G Cn+4 
P 
A=B 
F3 


f 24 
23 
22 
21 
20 
19 
18 
17 
16 
15 
14 
13 


9 
10 
11 
112 


FO 
F1 
F2 
GND 


OUTPUTS 


BO 
AO 
53 
52 
51 
SO 
Cn 


INPUTS 


TOP VIEW 


MM54HC181/MM74HC181 


54HC181 (J) 
74HC181 (J,N) 


De81gnatlon 


A3, A2, Al, AO 


83,82,81,80 


S3, 52, S1, so 


Pin No •• 


19,21,23,2 


18,20,22,1 


3,4,5,6 


Function 


Word A Inputs 


Word a Inputs 


Function-Select 


Inputs 


Iny. Carry Input 


Mode Control 
Input 


Function Outputs 


Comparator 
Outputs 


Carry Propagate 
Output 


Iny. Carry Output 


Carry Generate 
Output 


Supply Voltage 


Ground 


F3, F2, Fl, FO 
A-a 


p 


13,11.10.9 


14 


Subtraction is accomplished by l's 
complement addition 
where the l's complement of the subtrahend is generated 
internally. The resultant output is A-B-1, 
which requires 
an end-around or forced carry to produce A-B. 


The 181 can also be utilized as a comparator. The A=B 
output is internally decoded from the function outputs (FO, 
F1, F2, F3) so that when two words of equal magnitude are 
applied at the A and B inputs, it will assume a high level to 
indicate equality (A= B). The ALU should be in the subtract 
mode with Cn= H when performing this comparison. The 
A = B output is open-drain so that it can be wire-AND con- 
nected to give a comparison for more than four bits. The 
carry output (Cn+4) can also be used to supply relative 
magnitude information. Again, the ALU should be placed in 
the subtract mode by placing the function select inputs S3, 
S2, Sl, SOat L, H, H, L, respectively. 


These circuits have been designed to not only incorporate 
all of the designer's requirements for arithmetic operations, 


functions are selected by use of the four function-select in- 
puts (SO,Sl, S2, S3) with the mode-control inpu (M) at a 
high level to disable the internal carry. The 16 logic func- 
tions are detailed in Tables 1 and 2 and include exclusive- 
OR, NAND, AND, NOR, and OR functions. 


ALU SIGNAL DESIGNATIONS 


The MM54HC181/MM74HC181can be used with the signal 
designations of either Figllre 
1or Figure 2. 


The logic functions and arithmetic operations obtained with 
jsignal designations .asin Figure 1are givenin Table 1;those 
, obtained with the signal designations of Figure 2 are given 
in Table 2. 


The 54HC174HC logic family is speed, function, and pinout 
compatible with the standard 54LS174LS logic family. All 
inputs are protected from damage due to static discharge by 
internal diode clamps to Vcc and ground. 


Pin Number 
2 
1 
23 
22 
21 
20 
19 
18 
9 
10 
11 
13 
7 
16 
15 
17 


Active-High Data (Table 1) 
AO BO A1 
B1 
A2 
B2 
A3 
B3 
FO F1 
F2 
F3 Cn Cn+4 
X 
y 


Active-Low Data (Table 1) 
AO 
BO A1 
B1 
A2 
B2 
A3 
133 FO F1 
F2 
F3 
Cn 
Cn+4 
p 
G 


Input 
Output 
Active-High Data 
Active-Low 
Data 
Cn 
Cn+4 
(Figure 1) 
(Figure 2) 


H 
H 
A~B 
A:<:B 
H 
L 
A>B 
A<B 
L 
H 
A<B 
A>B 
L 
L 
A:<:B 
A~B 


Active High Data 
Selection 
M=H 
M= L; Arithmetic 
Operations 
Logic 
S3 S2 Sl 
SO Functions 
Cn= H (no carry) 
Cn= L (with carry) 


L 
L 
L 
L 
F=A 
F=A 
F=APlus 
1 
L 
L 
L 
H 
F=A + B 
F=A + B 
F= (A + B) Plus 1 
L 
L 
H 
L 
F=AB 
F=A + 13 
F=(A + B) Plus 1 
L 
L 
H 
H 
F=O 
F= Minus 1 (2's Compl) F=Zero 
L 
H 
L 
L 
F=AB 
F=A PlusAB 
F=A PlusAB Plus 1 
L 
H 
L 
H 
F=B 
F= (A + B) Plus AB 
F= (A + B) Plus AB Plus 1 
L 
H 
H 
L 
F=A 
Ell B 
F=A Minus B Minus 1 
F=A Minus B 
L 
H 
H 
H 
F=AB 
·F=AB Minus 1 
F=AB 
H 
L 
L 
L 
F=A + B 
F=A PlusAB 
F=A PlusAB Plus 1 
H 
L 
L 
H 
F=A 
Ell B 
F=A Plus B 
F=A Plus B Plus 1 
H 
L 
H 
L 
F=B 
F= (A + B) Plus AB 
F= (A + B) PlusAB Plus 1 
H 
L 
H 
H 
F=AB 
F=AB Minus 1 
F=AB 
H 
H 
L 
L 
F=1 
F=APlusA* 
F=A Plus A Plus 1 
H 
H 
L 
H 
F=A + 13 F= (A + B) Plus A 
F= (A + B) pius A Plus 1 
H 
H 
H 
L 
F=A + B 
F= (A + B) Plus A 
F= (A + B) Plus A Plus 1 
H 
H 
H 
H 
F=A 
F=A Minus 1 
F=A 


{OJ 


TL/F/5320-2 


(7) 


Cn 
HC182 
(13) 


(10) 


(12) 
(11) 
(9) 


TL/F/5320-3 
Figure 2 


Active 
Low Data 
Selection 
M=H 
M= L; Arithmetic 
Operations 
Logic 
S3 
S2 
S1 
SO Functions 
Cn = L (no carry) 
Cn = H (with carry) 


L 
L 
L 
L 
F=A 
F=A Minus 1 
F=A 
L 
L 
L 
H 
F =AB 
F=AB Minus 1 
F=AB 
L 
L 
H 
L 
F=A + B 
F=AB Minus 1 
F=(AB) 
L 
L 
H 
H 
F=1 
F= Minus 1 (2's Compl) F=Zero 
L 
H 
L 
L 
F=A + B 
F=A Plus (A + B) 
F=A Plus (A + B) Plus 1 
L 
H 
L 
H 
F=B 
F=AB Plus (A + B) 
F=AB Plus (A + B) Plus 1 
L 
H 
H 
L °F=A + B 
F= A Minus B Minus 1 
F=A Minus B 
L 
H 
H 
H 
F=A + B 
F=A + B 
F= (A + B Plus 1 
H 
L 
L 
L 
F=AB 
F=A Plus (A + B) 
F=A Plus (A + B) Plus 1 
H 
L 
L 
H 
F=A + B 
F=APlus 
B 
F=A Plus B Plus 1 
H 
L 
H 
L 
F=B 
F=AB Plus (A + B) 
F=AB Plus (A + B) Plus 1 
H 
L 
H 
H 
F=A + B 
F=A + B 
F= (A + B) Plus 1 
H 
H 
L 
L 
F=O 
F=A Plus A" 
F=A Plus A Plus 1 
H 
H 
L 
H 
F=AB 
F=AB PlusA 
F=AB PlusA Plus 1 


H 
H 
H 
L 
F=AB 
F=ABPlusA 
F=AB PlusA Plus 1 


H 
H 
H 
H 
F=A 
F=A 
F=A Plus 1 


Number 
Package 
Count 
Carry Method 


of 
Typical 
Between 
Addition 
Times 
Arithmetic! 
Look Ahead 
Bits 
Logic Units 
Carry Generators 
ALU's 


1104 
20 ns 
1 
0 
None 
5108 
30 ns 
2 
0 
Ripple 
91016 
30 ns 
30r4 
1 
Full Look-Ahead 
171064 
50 ns 
510 16 
210 5 
Full Look-Ahead 


Absolute Maximum Ratings (Notes 
1 & 2) 


Supply Voltage 
(Vecl 
-0.5 
to + 7.0V 


DC Input Voltage 
(VIN) 
-1.5 
to Vee+1.5V 


DC Output Voltage 
(Vour) 
-0.5 
to Vcc+0.5V 


Clamp Diode Current 
(11K,10K) 
±20 
mA 


DC Output Current, 
per pin (lour) 
± 25 mA 


DC Vee or GND Current. 
per pin (Ieel 
± 50 mA 


Storage 
Temperature 
Range (TSTG) 
- 65·C to + 150·C 


Power Dissipation 
(Po) (Note 3) 
500 mW 


Lead Temperature 
(T Ll (Soldering 
10 seconds) 
260·C 


Operating Conditions 


Mln 
2 
o 


Max 
Units 
6 
V 


vee 
V 


+85 
·C 


+125 
·C 


1000 
ns 
500 
ns 
400 
ns 


Supply Voltage(Veel 


DC Input or Output 
Voltage 


(VIN,Vour) 


Operating 
Temperature 
Range(T Al 
MM74HC 
-40 
MM54HC 
-55 


Input Rise or Fall Times 
(tr, tt) 
Vee=2.0V 
Vcc=4.5V 
Vee=6.0V 


TA=25·C 
74HC 
54HC 


Symbol 
Parameter 
Conditions 
VCC 
TA= 
-40 
to 85·C 
TA = -55 
to 125·C 
Units 


Typ 
Guaranteed 
Limits 


VIH 
Minimum 
High Level 
2.0V 
1.5 
1.5 
1'.5 
V 


Input Voltage 
4.5V 
3.15 
3.15 
3.15 
V 


6.0V 
4.2 
4.2 
4.2 
V 


VIL 
Maximum 
Low Level 
2.0V 
0.3 
0.3 
0.3 
V 


Input Voltage 
4.5V 
0.9 . 


0.9 
0.9 
V 


6.0V 
1.2 
1.2 
1.2 
V 


VOH 
Minimum 
High Level 
VIN=VIH 
orVIL 


Output Voltage 
Iiourl 
,;;20 JLA 
2.0V 
2.0 
1.9 
1.9 
1.9 
V 


(any output except 
4.5V 
4.5 
4.4 
4.4 
4.4 
V 


A=B) 
6.0V 
6.0 
5.9 
5.9 
5.9 
V 


VIN = VIH or VIL 


Ilour!';;4.0 
mA 
4.5V 
4.2 
3.98 
3.84 
3.7 
V 


Ilourl';;5.2 
mA 
6.0V 
5.7 
5.48 
5.34 
5.2 
V 


ILKG 
Maximum 
Leakage 
VIN=VIHorVIL 
6.0V 
0.5 
5.0 
10 
JLA 
Open Drain Output Current 
Vour=Vee 


(A = B Output) 


VOL 
Maximum 
Low Level 
VIN=VIHorVIL 


Output Voltage 
Iiourl 
,;;20 JLA 
2.0V 
0 
0.1 
0.1 
0.1 
V 


4.5V 
0 
0.1 
0.1 
0.1 
V 


6.0V 
0 
0.1 
0.1 
0.1 
V 


VIN = VIH or VIL 


Ilourl';;4.0 
mA 
4.5V 
0.2 
0.26 
0.33 
0.4 
V 


liourl 
,;;5.2 mA 
6.0V 
0.2 
0.26 
0.33 
0.4 
V 


IIN 
Maximum 
Input 
VIN=VeeorGND 
6.0V 
±0.1 
±1.0 
±1.0 
JLA 
Current 


Ice 
Maximum 
Quiescent 
VIN=Vee 
or GND 
6.0V 
8.0 
80 
160 
JLA 
Supply Current 
lour=O 
JLA 


Note 
1: Absolute 
Maximum 
Ratings are those values beyond which damage to the device may occur. 


Note 
2: Unless otherwise 
specified all voltages are referenced 
to ground. 


Note 
3: Power Dissipation temperature 
derating 
- 
plastic "N" 
package: 
-12 
mwrc 
from 65°C to 8Soe; ceramic 
"J" 
package: 
-12 mwrc 
from 
1QO"C to 12S'C. 


Note 
4: For a power supply of SV ±10% 
the worst case output voltages 
(VOH. and You occur for HC at 4.SV. Thus the 4.SV values should be used when 
designing with this supply. Worst case VIH and VIL occur at Vcc=5.5V 
and 4.5V respectively. 
(The VIH value at 5.5V is 3.85V.) The worst case leakage current (1IN. 
Ice. and loz) occur for CMOS at the higher voltage and so the 6.QV values should be used. 


AC Electrical 
Characteristics 


Vcc=5V, 
TA=25°C, 
CL =15 
pF, tr=tf=6 
ns 


Symbol 
Parameter 
Conditions 
Typ 
Guaranteed 
Units 
Limit 


tpHL, tpLH 
Maximum Propagation 
13 
20 
ns 


Delay From Cn to Cn + 4 


tpHL, tpLH 
Maximum Propagation 
M=OV, 
SO=S3=Vcc 
30 
45 
ns 


Delay From any 
Sl=SO=OV 


A or B to CN+4 
(Sum mode) 


tpHL. tpLH 
Maximum 
Propagation 
M=OV,SO=S3=OV 
35 
50 
ns 


Delay From any 
Sl=S2=Vcc 


AorBtoCN+4 
(Diff. mode) 


tpHL. tpLH 
Maximum 
Propagation 
M=OV 
13 
20 
ns 


Delay From Cn to any F 
(Sum or 


Diff. mode) 


tpHL. tpLH 
Maximum 
Propagation 
M=OV.SO= 
14 
20 
ns 


Delay From any 
S3=Vcc 
AorBtoG 
Sl=S2=OV 


(Sum mode) 


tpHL. tpLH 
Maximum 
Propagation 
M=OV. 
SO= 
18 
25 
ns 


Delay From any 
S3=OV 


AorBtoG 
Sl=S2=Vcc 


(Diff mode) 


tpHL. tpLH 
Maximum 
Propagation 
M=OV,SO= 
17 
25 
ns 


Delay From any 
S3=Vcc 


AorBtoP 
Sl =S2=OV 


(Sum mode) 


tpHL, tpLH 
Maximum 
Propagation 
M=OV,SO= 
17 
25 
ns 


Delay From any 
S3=OV 


AorBtoP 
Sl=S2=Vcc 
(Diffmode) 


tpHL, tpLH 
Maximum 
Propagation 
M=OV,SO= 
28 
42 
ns 


Delay From AI or BI to FI 
S3=VCC 
Sl=S2=OV 


(Sum mode) 


tpHL. tPLH 
Maximum 
Propagation 
M=OV,SO= 
32 
48 
ns 
Delay From AI or B, to FI 
S3=OV 


Sl =S2=Vcc 


(Diff mode) 


tpHL, tpLH 
Maximum 
Propagation 
M=Vcc 
32 
48 
ns 
Delay From AI or BI to FI 
(logic mode) 


tpHL, tpLH 
Maximum 
Propagation 
M=OV,SO= 
36 
50 
ns 
Delay From any 
S3=OV 


AorBtoA=B 
S1=S2=Vcc 


(Diff mode) 


AC Electrical Characteristics 
CL =50 
pF. tr=tj=6 
ns (unless 
otherwise 
specified) 


TA=25°C 
74HC 
54HC 


Symbol 
Parameter 
Conditions 
VCC 
TA= 
-40 
to 85°C 
TA = -55 
to 125°C 
Units 
Typ 
Guaranteed 
Limits 


tPHL. tpLH 
Maximum 
Propagation 
2.0V 
55 
120 
160 
200 
ns 
Delay From Cn to Cn + 4 
4.5V 
17 
24 
30 
36 
ns 


6.0V 
14 
20 
25 
30 
'ns 


tpHL. tpLH 
Maximum 
Propagation 
M=OV.SO= 
2.0V 
110 
250 
325 
375 
ns 
Delay From any 
S3=Vcc 
4.5V 
35 
50 
63 
75 
ns 
A or B to Cn+4 
S1=S2=OV 
6.0V 
30 
43 
53 
65 
ns 


(Sum mode) 
- 


tpHL. tpLH 
Maximum 
Propagation 
M=OV.SO= 
2.0V 
120 
280 
350 
420 
ns 
Delay From any 
S3=OV 
4.5V 
49 
56 
70 
84 
ns 
A or B to Cn+4 
S1=S2=VCC 
6.0V 
35 
48 
60 
72 
ns 
(Diffmode) 


tPHL. tpLH 
Maximum 
Propagation 
M=OV 
2.0V 
55 
120 
160 
200 
ns 
Delay From Cn to any F 
(Sum or 
4.5V 
17 
24 
30 
36 
ns 


Diff mode) 
6.0V 
14 
20 
25 
30 
ns 


tpHL. tpLH 
Maximum 
Propagation 
M=OV.SO= 
2.0V 
55 
120 
160 
200 
ns 
Delay From any 
S3=Vcc. 
4.5V 
17 
24 
30 
36 
ns 
AorBtoG 
S1=S2=OV 
6.0V 
14 
20 
25 
30 
ns 


(Sum mode) 


tpHL. tpLH 
Maximum 
Propagation 
M=OV.SO= 
2.0V 
70 
150 
189 
224 
ns 
Delay From any 
S3=OV 
4.5V 
20 
30 
38 
45 
ns 
AorBtoG 
S1=S2 
6.0V 
17 
26 
32 
38 
ns 


(Diffmode) 


tpHL. tPLH 
Maximum 
Propagation 
M=OV.SO= 
2.0V 
70 
150 
189 
224 
ns 
Delay From any 
S3=Vcc 
4.5V 
20 
30 
38 
45 
ns 
AorBtoP 
S1=S2=OV 
6.0V 
17 
26 
32 
38 
ns 
(sum mode) 


tPHL. tpLH 
Maximum 
Propagation 
M=OV.SO= 
2.0V 
70 
150 
189 
224 
ns 
Delay From any 
S3=OV 
4.5V 
20 
30 
38 
45 
ns 
AorBtoP 
S1=S2=Vcc 
6.0V 
17 
26 
32 
38 
ns 


(Diff mode) 


tpHL. tpLH 
Maximum 
Propagation 
M=OV.SO= 
2.0V 
115 
240 
300 
360 
ns 
Delay From AI or BI to FI 
S3=Vcc 
4.5V 
35 
48 
60 
72 
ns 


S1 =S2=OV 
6.0V 
30 
41 
51 
61 
ns 


(Sum mode) 


tPHL. tPLH 
Maximum 
Propagation 
M=OV.SO= 
2.0V 
120 
275 
344 
344 
ns 
Delay From AI or BI to F, 
53=OV 
4.5V 
40 
55 
69 
8~ 
ns 


51=52=Vcc 
6.0V 
34 
47 
59 
69 
ns 
(Diff mode) 


tpHL. tpLH 
Maximum 
Propagation 
M=Vcc 
2.0V 
120 
275 
344 
344 
ns 
Delay From AI or BI to F, 
(logic mode) 
4.5V 
40 
55 
60 
83 
ns 


6.0V 
34 
47 
59 
69 
ns 


tPHL. tpLH 
Maximum 
Propagation 
M=OV.50= 
2.0V 
120 
280 
350 
420 
ns 
Delay From any 
53=OV 
4.5V 
40 
56 
70 
84 
ns 
AorBtoA=B 
51 =52=Vcc 
6.0V 
35 
48 
60 
72 
ns 


(Diff mode) 


tTLH. tTHL 
Maximum 
Output 
Rise 
2.0V 
30 
75 
95 
110 
ns 
and Fall 
4.5V 
8 
15 
19 
22 
ns 
Time 
6.0V 
7 
13 
16 
19 
ns 


CPO 
Power Dissipation 
pF 
Capacitance 
(Note 5) 


CIN 
Maximum 
Input 
5 
10 
10 
10 
pF 
Capacitance 


Note 
5: CpO determines the no load dynamic power consumption, PO=CPD Vcc2 
1+lcc 
Vcc. 
and the no load 
dynamic 
current 
consumption, 


IS~ CPO Vee f+ Ice· 


Note 6: Refer to Section 1 for Typical MM54174 He AC Switching Waveforms 
and Test Circuits. 


Logic Mode Test Table 
Function Inputs: 51= 52 = M= VCC.50 = 53 = 0 V 


Other 
Input 
Other 
Data Inputa 
Input 
sameBI! 
Output 
Output 
Parameter 
Under 
Apply 
Apply 
Apply 
Apply 
Under 
Waveform 
Test 
Vcc 
GND 
Vcc 
GND 
Test 


tpHL, tpLH 
AI 
BI 
None 
None 
Re~maining 
FI 
Out-of-Phase 
A and B, Cn 


tpHL. tpLH 
BI 
AI 
None 
None 
Remaining 
FI 
Out-ol-Phase 
A and B, Cn 


5UM Mode Test Table 
Function Inputs: 50=53=Vcc 
51=52=M=0 
V 


Other 
Input 
Other 
Data Inputa 
Input 
SameBI! 
Output 
Output 
Parameter 
Under 
Under 
Teat 
Apply 
Apply 
Apply 
Apply 
Test 
Waveform 


Vcc 
GND 
Vcc 
GND 


tpHL. 
tpLH 
AI 
BI 
None 
Remaining 
Cn 
FI 
In-Phase 
AandB 


tpHL. tplH 
BI 
AI 
None 
Remaining 
Cn 
FI 
In-Phase 
A and B 


tpHL, lpLH 
AI 
BI 
None 
None 
Remaining 
P 
In-Phase 
AandB,Cn 


tpHL, tpLH 
BI 
AI 
None 
None 
Remaining 
P 
In-Phase 
Aand 
B, Cn 


tpHL.lpLH 
AI 
None 
BI 
Remaining 
Remaining 
G 
In-Phase 
B 
A,Cn 


tpHL, tpLH 
BI 
None 
AI 
Remaining 
Remaining 
G 
In-Phase 
B 
A,Cn 


tpHL. 
tpLH 
Cn 
None 
None 
All 
All 
AnyF 
In-Phase 
A 
B 
orCn+4 


tpHL. tpLH 
AI 
None 
BI 
Remaining 
Remaining 
Cn+4 
Out-of-Phase 
B 
A,Cn 


tpHL. 
tpLH 
BI 
None 
AI 
Remaining 
Remaining 
Cn+4 
Out-of-Phase 
B 
A,Cn 


Dlff Mode Test Table 
Function Inputs: 51=52=Vcc. 
50=53=M=0 
V 


Othorlnput 
Other Data Inputs 
Input 
Same Bit 
Output 
Output 
Parameter 
Under 
Apply 
Apply 
Apply 
Apply 
Under 
Waveform 
Teat 
Vcc 
GND 
VCC 
GND 
Test 


tpHL. tpLH 
AI 
None 
BI 
Remaining 
Remaining 
FI 
In-Phase 
A 
B,Cn 


tPHl. tpLH 
BI 
AI 
None 
Remaining 
Remaining 
FI 
Out-af-Phase 
A 
B,Cn 


tpHL, tpLH 
AI 
None 
BI 
None 
Remaining 
P 
In-Phase 
Aand 
B, Cn 


tPHl. tpLH 
BI 
AI 
None 
None 
Remaining 
P 
Out-of-Phase 
A and B,Cn 


tpHL, tpLH 
AI 
BI 
None 
t"v118 
Remaining 
G 
In-Phase 
A and B, Cn 


tpHL, tpLH 
B, 
None 
AI 
None 
Remaining 
G 
Out-ol-Phase 
A and B,Cn 


tpHL, lpLH 
AI 
None 
BI 
Remaining 
Remaining 
A~B 
In·Phase 
A 
B,Cn 


tPHl. tplH 
BI 
AI 
None 
Remaining 
Remaining 
A~B 
Out-of-Phase 
A 
B, Cn 


tPHL.tplH 
Cn 
None 
None 
All 
None 
Cn+4 
In-Phase 
A and B 
or any F 


tPHl. tplH 
AI 
BI 
None 
None 
Remaining 
Cn+4 
Out-ol-Phase 
A,B,Cn 


tpHL, tpLH 
BI 
None 
AI 
None 
Remaining 
Cn+4 
In·Phase 
A,B,Cn 
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MM54HC182/MM74HC182 
Look-Ahead 
Carry Generator 


General 
Description 
The MM54HC182/MM74HC182 is a high speed LOOK- 
AHEAD CARRY GENERATOR utilize microCMOSTMTech- 
nology, 3.5 micron silicon gate P-well CMOS. It has the 19w 
power consumption and high noise immunity of standard 
CMOS integrated circuits, along with the ability to drive 10 
LS-TIL loads. 


These circuits are capable of anticipating a carry across four 
binary adders or groups of adders. They are cascadable to 
perform full look-ahead across n-bit adders. Carry, gener- 
ate-carry, and propagate-carry functions are provided as 
shown in the pin designation table. 
When used in conjunction with the HC181arithmetic logic 
unit, these generators provide high-speed carry look-ahead 
capability for any word length. Each HC182 generates the 
look-ahead (anticipated carry) across a group of four ALU's 
and, in addition, other carry look-ahead circuits may be em- 
ployed to anticipate carry across sections of four look- 
ahead packages up to n-bits. The method of cascading cir- 
cuits to perform multi-level look-ahead is illustrated under 
typical application data. 


Carry input and output of the ALU's are in their true form, 
and the carry propagate (P) and carry generate (G) are in 
negated form; therefore, the carry functions (inputs, outputs, 
generate, and propagate) of the look-ahead generators are 
implemented in the compatible forms for direct connection 
to the ALU. Reinterpretations of carry functions as ex- 
plained on the HC181data sheet are also applicable to and 
compatible with the look-ahead generator. 


Features 
• 
TIL pinout compatible 
• 
Typical propagation delay: 18 ns (Clock to Q) 
• 
Wide Operating Supply Voltage Range: 2-6V 
• 
Low Input Current: < 1 IJ-A 
• 
Low Quiescent Supply Current: 80 IJ-Amaximum (74HC 
Series) 
• 
Fanout of 10 LS-TIL Loads 


116 
15 
14 
13 
12 
11 
10 
9 


rO 


1 
2 
3 
4 
5 
6 
7 
18 


TL/F/5321-1 
MM54HC182/MM74HC182 


54HC182 (J) 
74HC182 (J,N) 


DC Output Voltage 
(Vour) 
-0.5 
to Vcc+0.5V 
uv Inpul or UUlPUI vOlla9" 
v 
vce 
v 


Clamp Diode Current 
(11K. loKl 
±20mA 
(VIN.VOUr) 


DC Output Current. 
per pin (lour) 
±25mA 
Operating 
Temperature 
Range(T A) 
MM74HC 
-40 
+85 
'C 
DC VCC or GND Current. 
per pin (Icel 
±50mA 
MM54HC 
-55 
+125 
'C 
Storage 
Temperature 
Range (T8TG) 
-65'Cta 
+ 150'C 
Input Rise or Fall Times 
Power Dissipation 
(Po) (Note 3) 
500mW 
(tr• If) 
VCC=2.0V 
1000 
ns 


Lead Temperature 
(T Ll (Soldering 
10 seconds) 
260'C 
Vcc=4.5V 
500 
ns 
Vce=6.0V 
400 
ns 


DC Electrical Characteristics 
(Note 
4) 


T=25'C 
74HC 
54HC 


Symbol 
Parameter 
Conditions 
Vcc 
T= 
-40 
to 85'C 
T=-55t0125'C 
Units 
Typ 
Guaranteed 
Limits 


VIH 
Minimum 
High Level 
2.0V 
1.5 
1.5 
1.5 
V 
Input Voltage 
4.5V 
3.15 
3.15 
3.15 
V 
6.0V 
4.2 
4.2 
4.2 
V 


VIL 
Maximum 
Low Level 
2.0V 
0.3 
0.3 
0.3 
V 


Input Voltage 
4.5V 
0.9 
0.9 
0.9 
V 
6.0V 
1.2 
1.2 
1.2 
V 


VOH 
Minimum 
High Level 
VIN = VIH or VIL 
Output Voltage 
Ilourl';:20 
/LA 
2.0V 
2.0 
1.9 
1.9 
1.9 
V 
4.5V 
4.5 
4.4 
4.4 
4.4 
V 
6.0V 
6.0 
5.9 
5.9 
5.9 
V 


VIN = VIH or VIL 
Iiourl 
';:4.0 mA 
4.5V 
4.2 
3.98 
3.84 
3.7 
V 


Ilourl';:5.2 
mA 
6.0V 
5.7 
5.48 
5.34 
5.2 
V 


VOL 
Maximum 
Low Level 
VIN = VIH or VIL 
Output Voltage 
Ilourl';:20 
/LA 
2.0V 
0 
0.1 
0.1 
0.1 
V 
4.5V 
0 
0.1 
0.1 
0.1 
V 
6.0V 
0 
0.1 
0.1 
0.1 
V 


VIN=VIHorVIL 
liourl';:4.0 
mA 
4.5V 
0.2 
0.26 
0.33 
0.4 
V 


- 
'1lourl ,;:5.2 mA 
6.0V 
0.2 
0.26 
0.33 
0.4 
V 


IIN 
Maximum 
Input 
VIN=VCCorGND 
6.0V 
±0.1 
±1.0 
±1.0 
/LA 


Current 


Ice 
Maximum 
Quiescent 
VIN=VCC 
or GND 
6.0V 
8.0 
80 
160 
/LA 
Supply Current 
lour=O 
/LA 


Note 
1: Absolute 
Maximum 
Ratings are those values beyond which damage to the device may occur. 


Note 
2: Unless otherwise 
specified 
all voltages are referenced 
to ground. 


Note 
3: Power Dissipation temperature 
derating - 
plastic 
"N" 
package: 
-12 
mwrc 
from 
65°C to 85°C; ceramic 
"J" 
package: 
-12 
mWrC 
from 
100'C to 125°C. 
Note 4: For a power supply of 5V ±10% the worst case outputvoltages (VOH.and VoLl occur for HC at 4.5V.Thusthe 4.5V valuesshouldbe used when 
designingwiththissupply.WorstcaseV,HandV,Loccurat Vcc - 5.5Vand4.5Vrespectively.(TheVIHvalueat 5.5Vis3.85V.)Theworstcaseleakagecurrent(I'N. 
Ice. and lov occur for CMOSat the highervoltageand so the 6.0Vvaluesshouldbe used. 


AC Electrical Characteristics 
Vcc=5V. 
TA=25'C. 
CL =15 
pF. l,-=tf=6 
ns 


Symbol 
Parameter 
Conditions 
Typ 
Guaranteed 
Limit 
Units 


tpHL. tpLH 
Maximum 
Propagation 
Delay - Pn to P 
\ 
16 
-24 
ns 


tpHL. tpLH 
Maximum 
Propagation 
Delay - Cn to any output 
18 
27 
ns 


tpHL. tpLH 
Maximum 
Propagation 
Delay - Pn or Gn 10 any output 
23 
35 
ns 


N 
CD 
AC Electrical Characteristics 
Vcc=2.0V 
to 
6.0V. 
CL =50 
pF. 
tr=tf=6 
ns 
(unless 
otherwise 
specified) 
..-0 
T=25'C 
74HC 
54HC 
J: 
Symbol 
Parameter 
Condltlona 
Vcc 
T= 
-40 
to 85'C 
T= 
-55 
to 12SOC 
Unlta 
~ 
Typ 
Guaranteed 
Umlta 


I"- 
tpHL.lpLH 
Maximum 
Propagation 
2.0V 
45 
112 
140 
162 
ns 
::2 
Delay 
4.5V 
18 
28 
35 
40 
ns 


::2 


PntoP 
6.0V 
15 
22 
27 
32 
ns 


..•.... 
tpHL, tpLH 
Maximum 
Propagation 
2.0V 
50 
125 
156 
182 
ns 
N 
Delay 
4.5V 
20 
30 
37 
44 
ns 
CD 


en to any output 
6.0V 
16 
24 
30 
35 
ns 
..- 
lpHl.olpLH 
Maximum 
Propagation 
2.0V 
62 
155 
194 
225 
ns 
0 


Delay 
4.5V 
25 
37 
46 
54 
ns 
J: 


Pn or Gn to any output 
6.0V 
22 
33 
42 
48 
ns 


lrLH, lrHL 
MaximumOutput 
Rise 
2.0V 
25 
75 
95 
110 
ns 
~ 
and FaU TIme 
4.5V 
7 
15 
19 
22 
ns 
&t) 
6.0V 
6 
13 
16 
19 
ns 
::2 
CPO 
Power 
Dissipation 
Capacttance 
90 
pF 


::2 
C,N 
Maximum 
Input Capacitance 
5 
10 
10 
10 
pF 


Note 
5: CPO determines 
the 
no 
load 
dynamic 
power consumption, Po~Cpo 
Vcc2 
f+lcc 
Vcc, 
and 
the 
no 
load 
dynamic 
current 
consumption, 
'S=Cpo 
VCC f+lcc· 
Note 6: Refer to Section 1 for Typical MM54174 HC AC SW~ching Waveforms 
and Test Clrcu~. 


Logic Equations 


Cn+x=GO+POCn 


Cn+y=G1+P1 
GO+P1 
POCn 


Cn+z 
=G2+P2 
G1 + P2 P1 PO Cn 


G =G3+P3 
G2+P3 
P2 G1+P3 
P2 P1 GO 


P 
=P3P2P1 
PO 


Cn+x=YO 
(XO+Cn) 


Cn+y=Y1 
[XHyo(xo+cnll 


Cn+z 
=Y2 
(X2+ 
Y1 
[XHYO 
(XO+ 
cn)ll 


Y =Y3 
(X3+ 
Y2) 
(X3+X2+Y1) 
(X3+X2+X1 
+ YO) 


x 
=X3+X2+XHXO 


FUNCTION 
TABLE 
FOR P OUTPUT 
FUNCTION 
TABLE 
FOR Cn +x OUTPUT 


INPUTS 
OUTPUT 


~3 
~2 
~1 
~O 
P3 
P2 
P3 
~ 


L 
X 
X 
X 
X 
X 
X 
L 


X 
L 
X 
X 
L 
X 
X 
L 
X 
x 
l. 
x 
L 
L 
X 
L 


X 
X 
X 
L 
L 
L 
L 
L 
All other combinations 
H 


INPUTS 
OUTPUT 
Ji3 
P2 
1'1 
PO 
I' 


L 
L 
L 
L 
L 
All other 
H 
combinations 


INPUTS 
OUTPUT 


~O 
Po 
Cn 
Cn+x 


L 
X 
X 
H 


X 
L 
H 
H 
Allother 
L 
comblnatlona 


FUNCTION 
TABLE 
FORC 
OUTPUT 


INPUTS 
OUTPUT 


G2 
~1 
~O 
152 
Pl 
PO 
Cn 
Cn+z 


L 
X 
X 
X 
X 
X 
X 
H 


X 
L 
X 
L 
X 
X 
X 
H 


X 
X 
L 
L 
L 
X 
X 
H 


X 
X 
X 
L 
L 
L 
H 
H 
All other combinations 
L 


n+y' 


INPUTS 
OUTPUT 


~1 
~O 
151 
PO 
Cn 
Cn+v 


L 
X 
X 
X 
X 
H 


X 
L 
L 
X 
X 
H 


X 
X 
L 
L 
H 
H 
All other 
L 
combinations 


H = high level 
L= low level 
X::z irrelevant 


Any inputs not shown 
in a given 
table 
are irrelevant 
with respect 
to that output. 
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MM54HC190/MM74HC190 
Synchronous Decade 
Up/Down Counters with Mode Control 
MM54HC191/MM74HC191 
Synchronous Binary 
Up/Down Counters with Mode Control 


General Description 


These high speed synchronous counters utilize micro- 
CMOSTMTechnology, 3.5 micron silicon gate P-well CMOS. 
They possess the high noise immunity and low power con- 
sumption of CMOS technology, along with the speeds of 
low power Schottky TTL. 


These circuits are synchronous, reversible, up/down coun- 
ters. The MM54HC191/MM74HC191 are 4-bit binary coun- 
ters and the MM54HC190/MM74HC190 are BCD counters. 
Synchronous operation is provided by having all flip-flops 
clocked simultaneously, so that the outputs change simulta- 
neously when so instructed by the steering logic. This mode 
of operation eliminates the output counting spikes normally 
associated with asynchronous (ripple clock) counters. 


The outputs of the four master-slave flip-flops are triggered 
on a low-to-high level transition of the clock input, if the 
enable input is low. A high at the enable input inhibits count- 
ing. Level changes at either the enable input or the down/ 
up input should be' made only when the clock input is high. 
The direction of the count is determined by the level of the 
down/up input. When low, the counter counts up and when 
high, it counts down. 


These counters are fully programmable; that is, the outputs 
may be preset to either level by placing a low on the load 
input and entering the desired data at the data inputs. The 
output will change independent of the level of the clock in- 


put. This feature allows the counters to be used as modulo- 
N dividers by simply modifying the count length with the 
preset inputs. 
Two outputs have been made available to perform the cas- 
cading function: ripple clock and maximum/minimum count. 
The latter output produces a high-level output pulse with a 
duration approximately equal to one complete cycle of the 
clock when the counter overflows or underflows. The ripple 
clock output produces a low-level output pulse equal in 
width to the low-level portion of the clock input when an 
overflow or underflow condition exists. The counters can be 
easily cascaded by feeding the ripple clock output to the 
enable input of the succeeding counter if parallel clocking is 
used. or to the clock input if parallel enabling is used. The 
maximum/minimum count output can be used to accom- 
plish look-ahead for high-speed operation. 


Features 
• 
Typical propagation delay 
Clock to output: 24 ns 
• 
Typical operating frequency: 50 MHz 
• 
Wide power supply range: 2-6V 
• 
Low quiescent supply current: 80 JJ.Amaximum (74HC 
series) 
• 
Low input current: 1 JJ.Amaximum 


H'UTS 
0l1TPI1TS 
H'UTS 
--------- 
--------- 
DATA 
RIPPLE MAXI 
DATA 
DATA 
Vcc 
A 
CLOCK CLOCK MIN 
LOAD 
C 
0 


10 


DATA Oa 
0... 
ENABlEDOWNI 
Oc 
00 
GND 


......!- ----- 
~ 
---- 


INPUT 
OUTPUTS 
INPUTS 
OUTPUTS 


MM54HC190/MM74HC190, 
MM54HC191 
/MM7 4HC191 
54HC190 
(J) 
74HC190 
(J,N) 
54HC191 
(J) 
74HC191 
(J,N) 


Absolute 
Maximum Ratings 
(Notes 
1 & 2) 
Operating 
Conditions 


Supply Voltage 
(Vee) 
-0.5 
to + 7.0V 
Mln 
Max 
Units 


DC Input Voltage 
(VIN) 
-1.5 
to Vee+1.5V 
Supply Voltage(Veel 
2 
6 
V 


DC Output Voltage 
(VOUT) 
-0.5 
to Vee+0.5V 
DC Input or Output Voltage 
0 
Vee 
V 


Clamp Diode Current 
(11K, 10K) 
±20 
mA 
(VIN.VOUT) 


DC Output 
Current, 
per pin (lOUT) . 
±25mA 
Operating 
Temperature 
Range(T A) 
MM74HC 
-40 
+85 
'c 


DC Vee or GND Current. 
per pin (Ieel 
±50mA 
MM54HC 
-55 
+125 
'c 


Storage 
Temperature 
Range (T8TG) 
- 65'C to + 150'C 
Input Rise or Fall Times 


Power Dissipation 
(PD) (Note 3) 
500mW 
(tr.tf) 
Vee=2.0V 
1000 
ns 


Lead Temperature 
(Tt.l (Soldering 
10 seconds) 
260'C 
Vee=4.5V 
500 
ns 
Vee=6.0V 
400 
ns 


DC Electrical Characteristics 
(Note 
4) 


TA=25'C 
74HC 
54HC 


Symbol 
Parameter 
Conditions 
Vcc 
TA= -40to 
85'C 
TA= -55 
to 125'C 
Units 
Typ 
Guaranteed Limits 


VIH 
Minimum 
High Level 
2.0V 
1.5 
1.5 
1.5 
V 


Input Voltage 
4.5V 
3.15 
3.15 
3.15 
V 


6.0V 
4.2 
4.2 
4.2 
V 


VIL 
Maximum 
Low Level 
2.0V 
0.3 
0.3 
0.3 
V 


Input Voltage 
4.5V 
0.9 
0.9 
0.9 
V 


6.0V 
1.2 
1.2 
1.2 
V 


VOH 
Minimum 
High Level 
VIN = VIH or VIL 
Output Voltage 
IIOUT!~20 
!LA 
2.0V 
2.0 
1.9 
1.9 
1.9 
V 


4.5V 
4.5 
4.4 
4.4 
4.4 
V 


6.0V 
6.0 
5.9 
5.9 
5.9 
V 


VIN = VIH or VIL 


IIOUTI ~4.0 
mA 
4.5V 
4.2 
3.98 
3.84 
3.7 
V 


"OUT! ~ 5.2 mA 
6.0V 
5.7 
5.48 
5.34 
5.2 
V 


VOL 
Maximum 
Low Level 
VIN = VIH or VIL 
Output Voltage 
!IOUTI ~ 20 !LA 
2.0V 
0 
0.1 
0.1 
0.1 
V 


4.5V 
0 
0.1 
0.1 
0.1 
V 


6.0V 
0 
0.1 
0.1 
0.1 
V 
. 
VIN = VIH or VIL 


IIOUTI ~ 4.0 mA 
4.5V 
0.2 
0.26 
0.33 
0.4 
V 


IIOUTI ~ 5.2 mA 
6.0V 
0.2 
0.26 
0.33 
0.4 
V 


IIN 
Maximum 
Input 
VIN=VeeorGND 
6.0V 
±0.1 
±1.0 
±1.0 
!LA 


Current 


Ice 
Maximum 
Quiescent 
VIN=VccorGND 
6.0V 
8.0 
80 
160 
!LA 


Supply Current 
IOUT=O !LA 


Note 1: Absolute Maximum Ratings are those values beyond which damage to the device may occur. 


Note 2: Unless otherwise specified all voltages are referenced to ground. 


Note 
3: Power 
Dissipation temperature 
derating - 
plastic "N" 
package: 
-12 
mwrc 
from 65°C 
to 85°C: ceramic 
"J" 
package: 
-12 
mWrC 
from 


100'C to 12S'C. 


Note 4: For a power supply of 5V ±10% 
the worst case output voltages (VOH. and 'tOU occur for He at 4.5V. Thus the 4.5V values should be used when 
designing with this supply. Worst case VIH and VIL occur at Vee =5.5V 
and 4.5V respectively. (The VIH value at 5.5V is 3.85V.) The worst case leakage current (lIN. 
Ice. and loz) occur for CMOS at the higher voltage and so the 6.QV values should be used. 


AC Electrical Characterjstics 
TA = 25'C. Vcc = 5.0V. t,= tf= 6 ns. CL = 15 pF (unless otherwise 
specified) 


Symbol 
Parameter 
From 
To 
Conditions 
Typ 
Guaranteed 
Units 
(Input) 
(Output) 
Limit 


fMAX 
Maximum 
Clock 
40 
25 
MHz 
Frequency 


tpLH. tpHL 
Propagation 
Delay Time 
Load 
QA.QS 
30 
50 
ns 
Qc,Qo 


tpLH, tpHL 
• 
Propagation 
Delay Time 
Data A, 
QA,QS 
27 
40 
ns 
B,C,D 
Qc,Qo 


lpLH, tpHL 
Propagation 
Delay Time 
Clock 
Ripple 
16 
24 
ns 
Clock 


tpLH, tpHL 
Propagation 
Delay Time 
Clock 
QA,QS 
24 
36 
ns 
Qc.Qo 


tpLH, tpHL 
Propagation 
Delay Time 
Clock 
MaxiMin 
30 
50 
ns 


tpLH, tpHL 
Propagation 
Delay Time 
Down/Up 
Ripple 
29 
45 
ns 
Clock 


tpLH, tpHL 
Propagation 
Delay Time 
Down/Up 
MaxiMin 
22 
33 
ns 


tpHL, tpLH 
Propagation 
Delay Time 
Enable 
Ripple Clock 
22 
33 
ns 


tW1CLOCKl 
Width of Clock. Clear or Load Input Pulse 
10 
20 
ns 


tsETUP 
Data Setup Time 
20 
ns 


tHOLO 
Data Hold,Time 
0 
ns 


AC Electrical 
Characteristics 
Vcc=2.0V 
to 
6.0V. 
CL =50 
pF t,=tf=6 
ns 
(unless 
otherwise 
specified) 


Symbol 
Parameter 
From 
To 
TA=25'C 
74HC 
54HC 


(Input) 
(Output) 
Conditions 
Vcc 
TA = -40 
to 85'C 
TA = -55 
to 125'C 
Units 


Typ 
Guaranteed 
Limits 


fMAX 
Maximum 
Clock 
2.0V 
10 
4 
3 
2 
MHz 
Frequency 
4.5V 
38 
20 
15 
13 
MHz 
6.0V 
40 
23 
18 
15 
MHz 


tpLH. tpHL Propagation 
Delay Time 
Load 
QA.QS 
2.0V 
106 
290 
360 
435 
ns 
Qc,Qo 
4.5V 
32 
58 
72 
87 
ns 
6.0V 
29 
49 
61 
73 
ns 


tpLH. tpHL Propagation 
Delay Time 
DataA. 
QA.QS 
2.0V 
93 
230 
290 
345 
ns 
B.C,D 
Qc,Qo 
4.5V 
28 
46 
57 
69 
ns 
6.0V 
25 
39 
49 
58 
ns 


tpLH, tpHL Propagation 
Delay Time 
Clock 
Ripple 
2.0V 
62 
150 
190 
225 
ns 
Clock 
4.5V 
18 
30 
37 
45 
ns 
6.0V 
16 
26 
32 
37 
ns 


tpLH, tpHL Propagation 
Delay Time 
Clock 
QA,QS 
2.0V 
90 
220 
275 
330 
ns 
Qc,Qo 
4.5V 
27 
44 
55 
66 
ns 
6.0V 
24 
37 
46 
56 
ns 


tpLH, tpHL Propagation 
Delay Time 
Clock 
MaxiMin 
2.0V 
108 
290 
360 
435 
ns 
4.5V 
33 
58 
72 
87 
ns 
6.0V 
30 
49 
61 
73 
ns 


tpLH, tpHL Propagation 
Delay Time 
Down/Up 
Ripple 
2.0V 
98 
265 
330 
398 
ns 
Clock 
4.5V 
30 
53 
66 
80 
ns 
6.0V 
28 
45 
56 
68 
ns 


tpLH, tpHL Propagation 
Delay Time 
Down/Up 
MaxiMin 
2.0V 
85 
200 
250 
300 
ns 
4.5V 
25 
40 
50 
60 
ns 
6.0V 
23 
54 
42 
51 
ns 


tpHL. tpLH Propagation 
Delay Time 
Enable 
Ripple 
2.0V 
85 
200 
250 
300 
ns 
Clock 
4.5V 
25 
40 
50 
60 
ns 
6.0V 
23 
34 
42 
51 
ns 


tw 
Width of Clock. 
Load 
2.0V 
100 
125 
150 
ns 
or Clear Input Pulse 
4.5V 
20 
25 
30 
ns 
6.0V 
17 
21 
25 
ns 


tSETUP 
Data Setup Time 
2.0V 
20 
100 
125 
150 
ns 
4.5V 
10 
20 
25 
30 
ns 
6.0V 
8 
17 
21 
25 
ns 


AC Electrical Characteristics 
Vcc=2.0V 
to 
6.0V, 
CL =50 
pF tr=tf=6 
ns 
(unless 
otherwise 
specified) 


Symbol 
Parameter 
From 
To 
. 
TA=250C 
74HC 
54HC 
(Input) (Output) Conditions VCC 
TA=-40to85°C 
TA=-55to12SOC Units 
Typ 
GuaranteedLimits 


tH 
Data Hold Time 
2.0V 
0 
0 
0 
ns 
4.5V 
0 
0 
0 
ns 
6.0V 
0 
0 
0 
ns 


tTHL, tTLH Maximum 
Output 
2.0V 
75 
95 
110 
s 
Rise and Fall Time 
4.5V 
15 
19 
22 
ns 
6.0V 
13 
16 
19 
ns 


1" tf 
Maximum 
Input Rise and 
2.0V 
1000 
1000 
1000 
ns 


Fall Time 
4.5V 
500 
500 
500 
ns 
6.0V 
400 
400 
400 
ns 


CIN 
Input Capacitance 
5 
10 
10 
10 
pF 


CPO 
Power Dissipation 
100 
pF 
Capacitance 
(Note 5) 


Note 
5: CPO determines 
the no load 
dynamic 
power 
consumption, 
PO=CPD 
Vcc2 
f+lcc 
Vcc. 
and the 
no 
load 
dynamic 
current 
consumption, 
IS-CpO 
Vcc f+1cc· 


Note 6: Refer to Section 1 for Typical MM54/74 
HC AC Switching 
Waveforms 
and Tesf Circuits. 


s:s: 
U'I 
~ 
::I:o 
...•. 
CD 
...•. 


""s:s: 
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~ 
::I:O. 
...•. 
CD 
...•. 


'HC190 Decade Counters 
Typical Load, Count, and Inhibit Sequences 


DATA 
B 
L_ 


INPUTS 
C 
L_ 


D 


CLOCK 


DOWN/UP 


ENABLE 


I 
MAX/MIN 
-..., 


I 
RIPPLECLOCK- - 
_....J 


171890122210987 


!JI-COUNT 
UP--IINHIBIT 
II-COUNT DOWN--I 


LOAD 
sequence: 
(1) Load (preset) to BCD seven 
(2) Count up to eight, nine, zero, one and two 


(3) Inhibit 
(4) Count down to one, zero, nine, eight, and seven 


'HC191 Decode Counters 
Typical Load, Count, and Inhibit Sequence 


DATA 
INPUTS 
C 


D 


CLOCK 


DOWN/UP 


ENABLE 


H 


I 


RIPPLE CLOCK= :.. 
L 


113 
14 
15 
0 
1 2 
2 
2 
1 
0 
15 
14 
13 


ljl--COUNT 
UP-1iNHiiliTl 
I-COUNT 
DOWN --I 


LOAD 
TL/F/S322-S 


Sequence: 
(1) Load (preset) to binary thirteen 
(2) Count up to fourteen, 
fifteen, zero, one, and two 


(3) Inhibit 
(4) Count down to one, zero, fifteen, fourteen, and thirteen 


~Nal:ional 
~ 
semiconductor 


MM54HC192/MM74HC192 
Synchronous 
Decade Up/Down 
Counters 
MM54HC193/MM74HC193 
Synchronous 
Binary Up/Down 
Counters 


General 
Description 


These 
high 
speed 
synchronous 
counters 
utilize 
micro- 
CMOSTM Technology, 
3.5 micron 
silicon gate P-well CMOS, 
to achieve 
the high noise immunity 
and low power consump- 
tion 
of 
CMOS 
technology, 
along 
with 
the 
speeds 
of 
low 
power 
Schottky 
TIL. 
The 
MM54HC192/MM74HC192 
is a 
decade 
counter, 
and the MM54HC193/MM74HC193 
is a bi- 
nary counter. 
Both counters 
have two separate 
clock 
inputs, 
an UP COUNT 
input and a DOWN COUNT 
input. All outputs 
of the flip-flOps 
are simultaneously 
triggered 
on the 
low to 
high transition 
of either 
clock 
while 
the other 
input 
is held 
high. The direction 
of counting 
is determined 
by which 
input 
is clocked. 


These 
counters 
may be preset 
by entering 
the desired 
data 
on the 
DATA 
A, DATA 
B, DATA 
C, and 
DATA 
D inputs. 
When 
the LOAD 
input is taken 
low the data is loaded 
inde- 
pendently 
of either clock input. This feature 
allows the coun- 
ters 
to be used 
as divide-by-n 
counters 
by modifying 
the 
count 
length 
with the preset 
inputs. 


In addition 
both 
counters 
can also 
be cleared. 
This 
is ac- 
complished 
by inputting 
a high on the 
CLEAR 
input. 
All 4 
internal 
stages 
are set to a low level independently 
of either 
COUNT 
input. 


Both 
a BORROW 
and CARRY 
output 
are provided 
to en- 
able cascading 
of both up and down counting 
functions. 
The 
BORROW 
output 
produces 
a negative 
going pulse when the 
counter 
underflows 
and the CARRY 
outputs 
a pulse 
when 
the counter 
overflows. 
The 
counters 
can 
be cascaded 
by 
connecting 
the CARRY 
and 
BORROW 
outputs 
of one 
de- 
vice to the COUNT 
UP and COUNT 
DOWN 
inputs, 
respec- 
tively, 
of the next device. 


All 
inputs 
are 
protected 
from 
damage 
due 
to 
static 
dis- 
charge 
by diodes 
to Vcc 
and ground. 


Features 


• 
Typical 
propagation 
delay, 
Clock 
to output: 
20 ns 


• 
Typical 
operating 
frequency: 
27 MHz 


• 
Wide 
power 
supply 
range: 
2-6V 


• 
Low 
quiescent 
supply 
current: 
80 
/-LA maximum 
(74HC 
series) 
. 


• 
Low input current: 
1 /-LA maximum 


DATACLEAR_---_LOAD 
DATA DATA 
BQRROWCARRY 
C 
0 


14 
13 
12 
10 
9 


DATA 
B 
INPUT 


aB 
aA 
COUNTCOUNT ac 
00 


'-.-' 
DOWN 
UP 
--.- 
OUTPUTS 
OUTPUTS 


MM54HC192/MM74HC192 
MM54HC193/MM74HC193 


54HC192 
(J) 
54HC193 
(J) 
74HC192 
(J,N) 
74HC193 
(J,N) 


Count 
Clear 
Load 
Function 
Up 
Down 
t 
H 
L 
H 
Count Up 


H 
t 
L 
H 
CountDown 


X 
X 
H 
X 
Clear 


X 
X 
L 
L 
Load 


H ~ High level 


L = Low level 
f 
= Transition from lOW-la-high 


X = Don't care 


Operating Conditions 
Mln 
2 
o 


Absolute Maximum Ratings (Notes 
1 & 2) 


Supply Voltage 
(Veel 
-0.5 
to + 7.0V 


DC Input Voltage 
(VIN) 
-1.5 
to Vee+1.5V 


DC Output Voltage 
(VOUT) 
-0.5 
to Vee+ 
0.5V 


Clamp Diode Current 
(11K, 10K) 
±20 
mA 


DC Output Current, 
per pin (lOUT) 
± 25 mA 


DC Vee or GND Current, 
per pin (Ieel 
± 50 mA 


Storage 
Temperature 
Range (T8TG) 
- 65·C to + 150·C 


Power Dissipation 
(Po) (Note 3) 
500 mW 


Lead Temperature 
(TLl (Soldering 
10 seconds) 
260·C 


Max 
Units 
6 
V 


Vee 
V 


+85 
·C 


+125 
·C 


1000 
ns 
500 
ns 
400 
ns 


Supply Voltage(Veel 


DC Input or Output Voltage 


(VIN,VOUT) 


Operating 
Temperature 
Range(T N 
MM74HC 
-40 
MM54HC 
-55 


Input Rise or Fall Times 
(tr, tt) 
Vee= 
2V 
Vee=4.5V 
Vee=6.0V 


, 


DC Electrical Characteristics 
(Note 
4) 


TA=25·C 
74HC 
54HC 
. 


Symbol 
Parameter 
Conditions 
Vcc 
TA= 
-40to 
85·C 
TA = -55 
to 125·C 
Units 
Typ 
Guaranteed 
Limits 


VIH 
Minimum 
High Level 
2.0V 
1.5 
1.5 
1.5 
V 


Input Voltage 
4.5V 
3.15 
3.15 
3.15 
V 


6.0V 
4.2 
4.2 
4.2 
V 


VIL 
Maximum 
Low Level 
2.0V 
0.3 
0.3 
0.3 
V 


Input Voltage 
4.5V 
0.9 
0.9 
0.9 
V 


6.0V 
1.2 
1.2 
1.2 
V 


VOH 
Minimum 
High Level 
VIN = VIH or VIL 
Output Voltage 
IIOUTI~20 
fJoA 
2.0V 
2.0 
1.9 
1.9 
1.9 
V 


4.5V 
4.5 
4.4 
4.4 
4.4 
V 


6.0V 
6.0 
5.9 
5.9 
5.9 
V 


VIN = VIH or VIL 


IIOUTI ~4.0 
mA 
4.5V 
4.2 
3.98 
3.84 
3.7 
V 


IIOUTI ~ 5.2 mA 
6.0V 
5.7 
5.48 
5.34 
5.2 
V 


VOL 
Maximum 
Low Level 
VIN = VIH or VIL 
Output Voltage 
IIOUTI~20fJoA 
2.0V 
0 
0.1 
0.1 
0.1 
V 


4.5V 
0 
0.1 
0.1 
0.1 
V 


6.0V 
0 
0.1 
0.1 
0.1 
V 


VIN = VIH or VIL 


IIOUTI~4.0 
mA 
4.5V 
0.2 
0.26 
0.33 
0.4' 
V 


IIOUTI~5.2 
mA 
6.0V 
0.2 
0.26 
0.33 
0.4 
V 


IIN 
Maximum 
Input 
VIN=Vee 
or GND 
6.0V 
±0.1 
±1.0 
±1.0 
fJoA 


Current 


Ice 
Maximum 
Quiescent 
VIN = Vee or GND 
6.0V 
8.0 
80 
160 
fJoA 


Supply Current 
IOUT=O fJoA 


Note 
1: Absolute 
Maximum 
Ratings are those vatues beyond which damage to the device may occur. 


Note 
2: Unless otherwise 
specified all voltages are referenced 
to ground. 


Note 
3: Power Dissipation temperature 
derating - 
plastic "N" 
package: 
-12 mwrc from 65°C to 85°C; ceramic "J" package: 
-12 mwrc from 


100·e to 125·C. 


Note 
4: For a power supply of 5V ±10% 
the worst case output voltages 
(VOH. and Vou occur for He at 4.5V. Thus the 4.5V values should be used when 
designing with this supply. Worst case VIH and VIL occur at Vee=5.5V 
and 4.5V respectively. 
(The VIH value at 5.5V is 3.85V.) The worst case leakage current (IIN. 
Ice. and loZ> occur for CMOS at the higher voltage and so the 6.0V values should be used. 


.~ 


Guaranteed 
Symbol 
Parameter 
Conditions 
Typ 
Limit 
Units 


Count Up 
27 
20 
MHz 
fMAX 
Maximum 
Clock Frequency 
CountDown 
31 
24 
MHz 


tpLH 
Maximum 
Propagation 
Delay 
17 
26 
ns 


Low to High 
Count Up to Carry 


tpHL 
Maximum 
Propagation 
Delay 
18 
24 
ns 


High to Low 


tpLH 
Maximum 
Propagation 
Delay 
16 
24 
ns 


Low to High 
Count Down to 


tpHL 
Maximum 
Propagation 
Delay 
Borrow 
15 
24 
ns 


High to Low 


tpLH 
Maximum 
Propagation 
Delay 
28 
40 
ns 


Low to High 
CountUpOr 


tPHL 
Maximum 
Propagation 
Delay 
Down to Q 
36 
52 
ns 


High to Low 


tpLH 
Maximum 
Propagation 
Delay 
30 
42 
ns 


Low to High 
Load to Q 


tpHL 
Maximum 
Propagation 
Delay 
40 
55 
ns 


High to Low 


tPHL 
Maximum 
Propagation 
Delay 
CleartoQ 
35 
47 
ns 


High to Low 


Clear 
I 


'HC192 
40 
52 
ns 


Minimum 
Pulse Width 


'HC193 
20 
26 
ns 
tw 
Load 
10 
20 
ns 


Count Up/Down 
15 
22 
ns 


tso 
Minimum 
Setup time 
Data to Load 
10 
20 
ns 


tHO 
Minimum 
Hold Time 
-3 
0 
ns 


tREM 
Minimum 
Removal 
Time 
Clear Inactive 
10 
to Clock 
ns 


AC Electrical Characteristics 
Vcc 
= 
2.0V to 6.0V, CL = 
50 pF, t,=tf=6 
ns 


TA=25°C 
74HC 
54HC 


Symbol 
Parameter 
Conditions 
Vcc 
TA= 
-40to 
85°C 
TA = -55 
to 125°C 
Units 
Typ 
Guaranteed 
Limits 


2.0V 
5 
3 
2.5 
2 
MHz 


Count Up 
4.5V 
25 
18 
14 
12 
MHz 


fMAX 
Maximum 
Clock Frequency 
6.0V 
29 
20 
16 
13 
MHz 


2.0V 
5 
4 
3 
2 
MHz 


CountDown 
4.5V 
27 
20 
16 
11 
MHz 


6.0V 
31 
23 
18 
12 
MHz 


tpLH 
Maximum 
Propagation 
Delay 
2.0V 
30 
140 
175 
210 
ns 


Low to High 
4.5V 
13 
28 
35 
42 
ns 


Count Up 
6.0V 
11 
24 
30 
36 
ns 


tPHL 
Maximum 
Propagation 
Delay 
to Carry 
2.0V 
39 
130 
163 
195 
ns 


High to Low 
4.5V 
16 
26 
33 
39 
ns 


6.0V 
14 
22 
28 
33 
ns 


AC Electrical Characteristics 
Vcc 
= 
2.0V to 6.0V. CL= 
50 pF. tr=tf=6 
ns (Continued) 


TA=2SoC 
74HC 
S4HC 


Symbol 
Parameter 
Conditions 
Vcc 
TA = -40 
to 8SoC TA = -5S 
to 12SoC Units 
Typ 
Guaranteed 
Limits 


tpLH. tpHL Maximum 
Propagation 
Delay 
Count Down 
2.0V 
39 
130 
163 
195 
ns 
to Borrow 
4.5V 
16 
26 
33 
39 
ns 
6.0V 
14 
22 
28 
33 
ns 


tTLH. tTHL Maximum 
Output 
Rise 
2.0V 
30 
75 
95 
110 
ns 


and Fall Time 
4.5V 
8 
15 
19 
22 
ns 
6.QV 
7 
13 
16 
19 
ns 


tpLH 
Maximum 
Propagation 
Delay 
2.0V 
77 
215 
269 
323 
ns 


Low to High 
4.5V 
35 
43 
54 
65 
ns 


Count Up Or 
6.0V 
30 
37 
46 
55 
ns 


tPHL 
Maximum 
Propagation 
Delay 
Down to Q 
2.0V 
95 
275 
344 
413 
ns 


High to Low 
4.5V 
45 
55 
69 
83 
ns 


6.0V 
38 
47 
59 
71 
ns 


tpLH 
Maximum 
Propagation 
Delay 
2.0V 
85 
230 
280 
345 
ns 
Low to High 
4.5V 
37 
46 
58 
69 
ns 


Load to Q 
6.0V 
30 
39 
49 
59 
ns 


tpHL 
Maximum 
Propagation 
Delay 
2.0V 
102 
290 
363 
435 
ns 


High to Low 
4.5V 
47 
58 
73 
87 
ns 


6.0V 
39 
49 
61 
74 
ns 


tpHL 
Maximum 
Propagation 
Delay 
2.0V 
85 
265 
331 
398 
ns 
High to Low 
CleartoQ 
4.5V 
42 
53 
66 
80 
ns 
6.0V 
38 
45 
56 
68 
ns 


Clear 
I'HC192 
2.0V 
119 
260 
325 
390 
ns 


4.5V 
42 
52 
65 
78 
ns' 


6.0V 
38 
45 
56 
68 
ns 


2.0V 
31 
100 
125 
150 
ns 


Load 
4.5V 
10 
20 
25 
30 
ns 


tw 
Minimum 
Pulse Width 
6.0V 
9 
17 
21 
26 
ns 


2.0V 
43 
110 
138 
165 
ns 
Count Up/Down 
4.5V 
17 
22 
28 
33 
ns 
6.0V 
15 
19 
24 
29 
ns 


Clear 
I'HC193 
2.0V 
70 
130 
163 
195 
ns 
4.5V 
21 
26 
33 
39 
ns 
6.0V 
19 
22 
28 
33 
ns 


2.0V 
30 
100 
125 
150 
ns 


tso 
Minimum 
Setup Time 
Data 
4.5V 
10 
20 
25 
30 
ns 


To 
6.0V 
9 
17 
22 
25 
ns 


Load 
2.0V 
-30 
0 
0 
0 
ns 


tHO 
Minimum 
Hold Time 
4.5V 
-3 
0 
0 
0 
ns 


6.0V 
-3 
0 
0 
0 
ns 


tREM 
Minimum 
Removal 
Time 
Clear Inactive 
2.0V 
-20 
10 
10 
10 
ns 


to Clock 
4.5V 
-3 
10 
10 
10 
ns 


6.0V 
-2 
10 
10 
10 
ns 


2.0V 
500 
500 
500 
ns 


tr.t, 
Maximum 
Input Rise & Fall Time 
4.5V 
300 
300 
300 
ns 
6.0V 
200 
200 
200 
ns 


CIN 
Input Capacitance 
5 
10 
10 
10 
pF 


Cpo 
Power Dissipation 
Capacitance 
(Note 5) 
100 
pF 


Note 
5: CPO determines 
the 
no load 
dynamic 
power 
consumption, 
PO=CPD 
Vcc2 
f+ICC 
Vcc, 
and the 
no load 
dynamic 
current 
consumption, 
Is=Cpo Vcc f+1cc· 


Note 6: Refer to Section 1 for Typical MM54174HC 
AC Switching Waveforms 
and Test Circuits. 
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Logic Diagrams 
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'HC192 Synchronous 
Decade Counters 
Typical Clear, Preset, and Count Sequences 


~------------------ 
t 
_ 
~------------------ 
1 
------------- 


COUNT 
UP 


COUNT 
DOWN 


{ 


aA =_ 


I 
aB - 


OUTPUTS 
_' 
ac 


. 
I 
00: _ 


1 • 
• 
0 
1 
2 1 


..---- 
COUNT UP -----+J 
1 
1 
0 
• 
• i 71 
r---- COUNT DOWN ~ 


Sequences: 
(1) Clear outputs to zero 
(2) Load (prasat) to BCD savan. 
(3) Count up to eight. nine. carry, zero, ona and two. 
(4) Count down to one, zero, borrow, nine, eight, and seven. 


'HC193 Synchronous 
Binary Counters 
Typical Clear, Load, and Count Sequences 


COUNT 
UP 


COUNT 
DOWN 


{ 


aA 
-- -, 


aB - 


OUTPUTS 
_ 
I 
ac - -, 
QD: _ 


101 
1131 


~~~ 
CLEAR 
PRESET 
I 
14 
15 
0 
1 
21 
r--- 
COUNT UP -4 
I 
1 
0 
15 
14 
131 
r 
COUNT DOWN ---4 


Sequence: 
(1) Clear outputs to zero. 
(2) Load (prasat) to binary thirtaan 
(3) Count up to fourteen, 
fifteen, carry, zero, one, and two. 
(4) Count down to one, zero, borrow, fifteen, fourteen, 
and thirteen. 
Note A: Clear overrides 
load data, and count inputs. 
Note 
B: When counting up, count-down 
input must be high; when counting down, count-up input must be high. 


~National 
~ 
semiconductor 


MM54HC194/MM74HC194 
4-Bit Bidirectional Universal Shift Register 


General 
Description 


This 4-bit high speed BIDIRECTIONAL SHIFT REGISTER 
utilizes microCMOSTMTechnology, 3.5 micron silicon gate 
P-well CMOS, to achieve the low power consumption and 
high noise immunity of standard CMOS integrated circuits, 
along with the ability to drive 10 LS-TTL loads. This device 
operates at speeds similar to the equivalent low power 
Schottky part. 


This BIDIRECTIONAL SHIFT REGISTER is designed to in- 
corporate virtually all of the features a system designer may 
want in a shift register. It features parallel inputs, parallel 
outputs, right shift and left shift serial inputs, operating 
mode control inputs, and a direct overriding clear line. The 
register has four distinct modes of operation: PARALLEL 
(broadside) LOAD; SHIFT RIGHT (in the direction 0A 
toward 00); SHIFT LEFT; INHIBIT CLOCK (do nothing). 
Synchronous parallel loading is accomplished by applying 
the four bits of data and taking both mode control inputs, SO 
and S1, high. The data are loaded into their respective flip 
flops and appear at the outputs after the positive transition 
of the CLOCK input. During loading, serial data fiow isjnhib- 
- 


ited. Shift right is accomplished synchronously with the ris- 
ing edge of the clock pulse when SOis high and S1 is low. 


Serial data for this mode is entered at the SHIFT RIGHT 
data input. When SO is low and S1 is high, data shifts left 
synchronously and new data is entered at the SHIFT LEFT 
serial input. Clocking of the flip flops is inhibited when both 
mode control inputs are low. The mode control inputs 
should be changed only when the CLOCK input is high. 


The 54HC174HC logic family is functionally as well as pin- 
out compatible with the standard 54LS/74LS logic family. 
All inputs are protected from damage due to static dis- 
charge by internal diode clamps to Vcc and ground. 


Features 
_ Typical operating frequency: 45 MHz 
_ Typical propagation delay: ns (Clock to 0) 
_ Wide operating supply voltage range: 2-6V 
_ Low input current: 1 IJ-Amaximum 
_ Low quiescent supply current: 160 IJ-Amaximum 


(74HC series) 
Fanout of 10 LS-TTL loads 


CLEAR SHIFT 
RIGHT 
SERIAL 
INPUT 


8 


SHIFT 
GND 
LEFT 
SERIAL 
INPUT 
TLIF/5323-1 


MM54HC194/MM74HC194 


54HC194 (J) 
74HC194 (J,N) 


Inputs 
Outputs 


Mode 
Serial 
Parallel 


Clear - 
Clock 
QA 
QB 
Qc 
QD 
51 52 
Left Right ABCD 


L 
X 
X 
X 
X 
X 
XXXX 
L 
L 
L 
L 
H 
X 
X 
L 
X 
X 
XXXX 
OAOOSOOco 000 
H 
H 
H 
i 
X 
X 
a b c d 
a 
b 
c 
d 


H 
L 
H 
i 
X 
H 
X X X X 
H 
0An OSn OCn 
H 
L 
H 
i 
X 
L 
XXXX 
L 
0An OSn OCn 


H 
H 
L 
i 
H 
X 
X X X X OSn OCn 0Dn 
H 


H 
H 
L 
i 
L 
X 
X X X X OSn OCn ODn 
L 


H 
L 
L 
X 
X 
X 
X X X X OAOOSOOco ODO 


H = high level (steady state) 


L ~ 
low level (steady state) 


X = irrelevant 
(any input, including transitions) 
t = transition from low to high level 


a, b, C, d = the level of steady·state 
input at inputs A. B. C, or D. 


respectively. 


0AO, 0so, 
Oco. aDO ~ 
the level of 0A. as. 
0c. 
or aD, respectively. 


before the indicated steady·state 
input conditions 
were established. 


QAn, QSn. Qen. QOn = the level of QA. as. 
Qc. respectively, 
before 
the most-recent t transition of the clock. 


Operating 
Conditions 


Mln 
2 
o 


Absolute 
Maximum Ratings 
(Notes 
1 & 2) 


Supply Voltage 
(Vee) 
-0.5 
to + 7.0V 


DC Input Voltage 
(VIN) 
-1.5 
to Vee+1.5V 


DC Output Voltage 
(VOUT) 
-0.5 
to Vee+0.5V 


Clamp Diode Current 
(11K. loKl 
±20 
mA 


DC Output 
Current, 
per pin (lOUT) 
± 25 mA 


DC Vee or GND Current, 
per pin (Ieel 
± 50 mA 


Storage 
Temperature 
Range (T8TG) 
- 65·C to + 150·C 


Power Dissipation 
(Po) (Note 3) 
500 mW 


Lead Temperature 
(TLl (Soldering 
10 seconds) 
260·C 


Max 
Units 
6 
V 


Vee 
V 


+85 
·C 


+125 
·C 


1000 
ns 
500 
ns 
400 
ns 


Supply Voltage(Veel 


DC Input or Output Voltage 


(VIN.VOUT) 


Operating 
Temperature 
Range(T A) 
MM74HC 
-40 
MM54HC 
-55 


Input Rise or Fall Times 
(t,. tt! 
Vee=2.0V 
Vcc=4.5V 
Vee=6.OV 


TA=25·C 
74HC 
54HC 


Symbol 
Parameter 
Conditions 
Vcc 
TA= 
-40 
to 85·C 
TA = -55 
to 125·C 
Units 
Typ 
Guaranteed 
Limits 


VIH 
Minimum 
High Level 
2.0V 
1.5 
1.5 
1.5 
V 


Input Voltage 
4.5V 
3.15 
3.15 
3.15 
V 


6.OV 
4.2 
4.2 
4.2 
V 


VIL 
Maximum 
Low Level 
2.0V 
0.3 
0.3 
0.3 
V 


Input Voltage 
4.5V 
0.9 
0.9 
0.9 
V 


6.OV 
1.2 
1.2 
1.2 
V 


VOH 
Minimum 
High Level 
VIN = VIH or VIL 
Output Voltage 
IiOUTI";;20 ,...A 
2.0V 
2.0 
1.9 
1.9 
1.9 
V 


4.5V 
4.5 
4.4 
4.4 
4.4 
V 


6.OV 
6.0 
5.9 
5.9 
5.9 
V 


VIN = VIH or VIL 


IIOUTI ";;4.0 mA 
4.5V 
4.2 
3.98 
3.84 
3.7 
V 


IiOUTI ,.;;5.2 mA 
6.OV 
5.7 
5.48 
5.34 
5.2 
V 


VOL 
Maximum 
Low Level 
VIN = VIH or VIL 
Output 
Voltage 
!IOUTI";;20 ,...A 
2.0V 
0 
0.1 
0.1 
0.1 
V 


4.5V 
0 
0.1 
0.1 
0.1 
V 


- 
6.OV 
0 
0.1 
0.1 
0.1 
V 


VIN = VIH or VIL 
IIOUTI";;4.0 mA 
4.5V 
0.2 
0.26 
0.33 
0.4 
V 


IiOUTI ,.;;5.2 mA 
6.OV 
0.2 
0.26 
0.33 
0.4 
V 


IIN 
Maximum 
Input 
VIN = Vee or GND 
6.OV 
±0.1 
±1.0 
±1.0 
,...A 


Current 


Ice 
Maximum 
Quiescent 
VIN=VeeorGND 
6.OV 
8.0 
80 
160 
,...A 


Supply Current 
IOUT=O ,...A 


Note 1: Absolute 
Maximum 
Ratings are those values beyond which damage 
to the device may occur. 


Note 
2: Unless otherwise 
specified all voltages 
are referenl?ed 
to ground. 


Note 
3: Power 
Dissipation temperature 
derating - 
plastic "N" 
package: 
-12 
mwrc 
from 65°C to 85°C; ceramic 
"J" 
package: 
-12 
mwrc 
from 
l00·C \0 12S·C. 


Note 4: For a power supply of 5V ±10% 
the worst case output voltages (VOH. and Vou occur for He at 4.5V. Thus the 4.5V values should be used when 
designing with this supply. Worst case VIH and VIL occur at VCC=5.5V 
and 4.5V respectively. 
(The VIH value at 5.5V is 3.85V.) 
The worst case leakage 
current (IIN. 


Ice. 
and 10Z) occur for CMOS 
at the higher voltage and so the 6.QV values should be used. 


•••1I1I1l 


fMAX 
Maximum 
Operating 
50 
35 
MHz 
Frequency 


tpHL, tpLH 
Maximum 
Propagation 
17 
24 
ns 
Delay, Clock to Q 


tpHL 
Maximum 
Propagation 
19 
25 
ns 
Delay, Reset to Q 


tREM 
Minimum 
Removal 
Time, 
20 
ns 
Reset Inactive to Clock 


ts 
Minimum 
Set Up Time 
20 
ns 
(A, S, C, D to Clock) 


ts 
Minimum 
Set Up Time 
25 
ns 
Mode Controls 
to Clock 


tw 
Minimum 
Pulse Width 
9 
16 
ns 
Clock or Reset 


tH 
Minimum 
Hold Time 
-3 
0 
ns 
Any Input 


AC Electrical Characteristics 
CL =50 
pF, tr=tf=6 
ns (unless 
otherwise 
specified) 


TA=25'C 
74HC 
54HC 


Symbol 
Parameter 
Conditions 
Vcc 
TA= 
-40 
to 85'C 
TA = -55 
to 125'C 
Units 
Typ 
Guaranteed 
Limits 


fMAX 
Maximum 
Operating 
2.0V 
10 
6 
5 
4 
Frequency 
4.5V 
45 
30 
24 
20 
MHz 
6.0V 
50 
35 
28 
24 
MHz 


tpHL, tpLH 
Maximum 
Propagation 
2.0V 
70 
145 
183 
216 
ns 
Delay, Clock to Q 
4.5V 
15 
29 
37 
45 
ns 
6.0V 
12 
25 
31 
37 
ns 


tpHL 
Maximum 
Propagation 
2.0V 
80 
150 
189 
216 
ns 
Delay, Reset to Q 
4.5V 
15 
30 
37 
45 
ns 
6.0V 
12 
26 
31 
37 
ns 


tTHL, tTLH 
Maximum 
Output 
Rise 
2.0V 
30 
75 
95 
110 
ns 
and Fall Time 
4.5V 
8 
15 
19 
22 
ns 
6.0V 
7 
13 
16 
19 
ns 


tREM 
Minimum 
Removal 
Time 
2.0V 
100 
125 
150 
ns 
Reset Inactive 
to Clock 
4.5V 
20 
25 
30 
ns 
6.0V 
17 
21 
25 
ns 


ts 
Minimum 
Set Up Time 
2.0V 
100 
125 
150 
ns 


(A, S, C, or D to Clock) 
4.5V 
20 
25 
30 
ns 
6.0V 
17 
21 
25 
ns 


ts 
Minimum 
Set Time 
2.0V 
125 
156 
188 
ns 


Mode Controls 
to Clock 
4.5V 
25 
31 
38 
ns 
6.0V 
21 
26 
32 
ns 


tH 
Minimum 
Hold 'rime 
2.0V 
-10 
0 
0 
0 
ns 


Any Input 
4.5V 
-3 
0 
0 
0 
ns 
6.0V 
-3 
0 
0 
0 
ns 


tw 
Minimum 
Pulse Width 
2.0V 
30 
80 
100 
120 
ns 


Clock or Reset 
4.5V 
89 
16 
20 
24 
ns 
6.0V 
8 
14 
18 
20 
ns 


tr,tf 
Maximum 
Input Rise and 
2.0V 
1000 
1000 
1000 
ns 
Fall Time 
4.5V 
500 
500 
500 
ns 
6.0V 
400 
400 
400 
ns 


CPD 
Power Dissipation 
pF 


Capacitance 
(Note 5) 


CIN 
Maximum 
Input 
5 
10 
10 
10 
pF 


Capacitance 


Note 
5: CPD determines 
the 
no 
load 
dynamic 
power 
consumption, 
PD~CPD Vee2 f+ Ice Vee. and 
the 
no 
load 
dynamic 
current 
consumption, 


Is~CPD Vee f+lee· 


Note 6: Refer to Section 1 for Typical MM54174HC 
AC Switching Waveforms 
and Test Circuits. 


{ 


"OJ 
...... 
c_ 


•••• 
,t} 


CLOCK 


MODE {so 
CONTROL 


INPUTS 
51 


CLEAR 


SERIAL 
{ 
R 
DATA 


INPUTS 
L 


PARALLEL!: 
DATA 


INPUTS 
C 


o 
I 


QA- 


Q 
- 
OUTPUTS 
B_ 
QC: 
00: 


CLEAR 


TL/F/5323-3 


SNFT 


(TIUFT••..... 


'""" 


~National 
~ 
semiconductor 


General Description 


The MM54HC195/MM74HC195 
is a high speed 
4-bit SHIFT 


REGISTER 
utilizes 
microCMOSTM 
Technology, 
3.5 micron 


silicon 
gate 
P-well 
CMOS, 
to achieve 
the 
low power 
con- 


sumption 
and high noise 
immunity 
of standard 
CMOS 
inte- 


grated 
circuits, 
along 
with 
the 
ability 
to 
drive 
10 LS- TTL 


loads 
at LS type speeds. 


This shift register 
features 
parallel 
inputs, 
parallel 
outputs. 
J- 


K serial 
inputs, 
SHIFT ILOAD 
control 
input, 
and 
a direct 


overriding 
CLEAR. 
This 
shift 
register 
can 
operate 
in two 


modes: 
Parallel 
Load; Shift from aA towards aD. 


Parallel 
loading 
is accomplished 
by applying 
the four bits of 


data, 
and 
taking 
the 
SHIFT ILOAD 
control 
input 
low. 
The 


data is loaded 
into the associated 
flip flops 
and appears 
at 


the outputs 
after 
the 
positive 
transition 
of the 
clock 
input. 


During 
parallel 
loading, 
serial 
data 
flow 
is inhibited. 
Serial 


shifting 
occurs 
synchronously 
when 
the SHIFT ILOAD 
con- 


trol input is high. Serial data for this mode 
is entered 
at the 


J-K inputs. These 
inputs allow the first stage to perform 
as a 


J-K or TOGGLE 
flip flop as shown 
in the truth table. 


The 54HC174HC 
logic family 
is functionally 
as well as pin- 


out compatible 
with 
the 
standard 
54LS/74LS 
logic 
family. 


All 
inputs 
are 
protected 
from 
damage 
due 
to 
static 
dis- 


charge 
by internal 
diode 
clamps 
to Vcc 
and ground. 


Features 


• 
Typical 
operating 
frequency: 
45 MHz 


• 
Typical 
propagation 
delay: 
16 ns (Clock 
to a) 


• 
Wide 
operating 
supply 
voltage 
range: 
2-6V 


• 
Low input current: 
1 J-LAmaximum 


• 
Low quiescent 
current: 
80 J-LAmaximum 
(74HC 
series) 


• 
Fanout 
of 10 LS-TTL 
loads 


OUTPUTS 
CLOCK 
10 
SHIFT/ 


Os 
QD 
CLOCK 
LOAD 


11 
10 
9 


QA 
Os 
Qc 
QD 
OD 
CK 


CLEAR 
SHIFT/ 
LOAD 


J 
K 
A 
B 
C 
D 


2 
8 


CLEAR 
K 
A 
B 
C 
D 
GND 
-- 
SERIAL INPUTS 
PARALLEL INPUTS 


TLIF/5324-1 


MM54HC195/MM74HC195 


54HC195 
(J) 
74HC195 
(J,N) 


Function Table 


Input. 
Output. 


Shllt' 
serial 
ParaUel 


Clear 
Load 
Clock 
Q" 
Os 
Oc 
OD 
QD 
J 
K 
A 
B 
C 
D 


L 
X 
X 
X 
X 
X 
X 
X 
X 
L 
L 
L 
L 
H 


H 
L 
i 
X 
X 
a 
b 
c 
d 
a 
b 
c 
d 
d 
H 
H 
L 
X 
X 
X 
X 
X 
X 
aAO 
aso 
aco 
aDO 
QDO 
H 
H ! 


L 
H 
X 
X 
X 
X 
aAO 
aAO 
aSn 
aCn 
Qen 
H 
H 
L 
L 
X 
X 
X 
X 
L 
a"n 
aSn 
aen 
aen 
H 
H 
H 
H 
X 
X 
X 
X 
H 
aAn 
aSn 
Oen 
QCn 
H 
H 
H 
L 
X 
X 
X 
X 
aAn 
aAn 
aSn 
aCn 
aGn 


H - 
high level (steady state) 


L - 
low level (steady state) 


X = irrelevant 
(any input, including transitions) 
i 
= transition from low to high level 


8. b, Cj d = the level of steady-state 
input at inputs A. B, C, 
or 0, respectively. 


aAO. aeo. 
aGO. aDO = the level of aA. as. 
aG. or aD. 


respectively. 
before the indicated steady-state 
input condi- 
tions were established. 


OAn. Oan. OCn = the level of QA. OB. OC. respectively, 
before the most-recent 
transition 
of the clock. 


Absolute Maximum Ratings (Notes 
1 & 2) 
Operating Conditions 


Supply Voltage 
(Vecl 
-0.5 
to + 7.0V 
Mln 
Max 
Units 


DC Input Voltage 
(VIN) 
-1.5 
to Vee+1.5V 
Supply Voltage(Veel 
2 
6 
V 


DC Output Voltage 
(Vour) 
-0.5 
to Vee+0.5V 
DC Input or Output Voltage 
0 
Vee 
V 


Clamp Diode Current 
(11K, 10K) 
±20mA 
(VIN,VOur) 


DC Output 
Current, 
per pin (lour) 
±25mA 
Operating 
Temperature 
Range(T Al 
MM74HC 
-40 
+85 
·C 
DC Vee or GND Current, 
per pin (Ieel 
±50mA 
MM54HC 
-55 
+125 
·C 
Storage 
Temperature 
Range (TsrG) 
-65·Cto 
+150·C 
Input Rise or Fall Times 
Power Dissipation 
(PD) (Note 3) 
500mW 
(tr,t,) 
Vee=2.0V 
1000 
ns 


Lead Temperature 
(Tu (Soldering 
10 seconds) 
260·C 
Vee=4.5V 
500 
ns 
Vee=6.0V 
400 
ns 


DC Electrical Characteristics 
(Note 
4) 


TA=25·C 
74HC 
54HC 


Symbol 
Parameter 
Conditions 
Vcc 
TA= 
-40to 
85·C 
TA= 
-55 
to 125·C 
Units 
Typ 
Guaranteed 
Limits 


VIH 
Minimum 
High Level 
2.0V 
1.5 
1.5 
1.5 
V 


Input Voltage 
4.5V 
3.15 
3.15 
3.15 
V 


6.0V 
4.2 
4.2 
4.2 
V 


VIL 
Maximum 
Low Level 
2.0V 
0.3 
0.3 
0.3 
V 


Input Voltage 
4.5V 
0.9 
0.9 
0.9 
V 


6.0V 
1.2 
1.2 
1.2 
V 


VOH 
Minimum 
High Level 
VIN = VIH or VIL 
Output Voltage 
Ilourl,,;20 
/LA 
2.0V 
2.0 
1.9 
1.9 
1.9 
V 


4.5V 
4.5 
4.4 
4.4 
4.4 
V 


6.0V 
6.0 
5.9 
5.9 
5.9 
V 


VIN=VIHorVIL 
Iiourl 
,,;4.0 mA 
4.5V 
4.2 
3.98 
3.84 
3.7 
V 


!lourl";5.2 
mA 
6.0V 
5.7 
5.48 
5.34 
5.2 
V 


VOL 
Maximum 
Low Level 
VIN = VIH or VIL 
Output Voltage 
Ilourl";20 
/LA 
2.0V 
0 
0.1 
0.1 
0.1 
V 


4.5V 
0 
0.1 
0.1 
0.1 
V 


6.0V 
0 
0.1 
0.1 
0.1 
V 


VIN = VIH or VIL 


!lourl";4.0 
mA 
4.5V 
0.2 
0.26 
0.33 
0.4 
V 


Ilourl";5.2 
mA 
6.0V 
0.2 
0.26 
0.33 
0.4 
V 


IIN 
Maximum 
Input 
VIN=VeeorGND 
6.0V 
±0.1 
±1.0 
±1.0 
/LA 
Current 


Ice 
Maximum 
Quiescent 
VIN=VeeorGND 
6.0V 
8.0 
80 
160 
/LA 
Supply Current 
lour=O 
/LA 


Note 1: Absolute 
Maximum 
Ratings are those values beyond which damage to the device may occur. 


Note 2: Unless otherwise 
specified 
all voltages 
are referenced 
to ground. 


Note 
3: Power 
Dissipation 
temperature 
derating 
- 
plastic 
"N" 
package: 
-12 
mwrc 
from 
65°C 
to 85°C: 
ceramic 
"J" 
package: 
-12 
mWrC from 
100·Cto 12S·C. 


Note 4: For a power supply of 5V ± 10% the worst case output voltages 
(VOH. and Vou occur for He at 4.5V. Thus the 4.5V values should be used when 
designing with this supply. Worst case VIH and VIL occur at Vcc= 
5.5V and 4.5V respectively. 
(The VIH value at 5.5V is 3.85V.) The worst case leakage current (IIN. 
Icc. and loZ> occur for CMOS at the higher voltage and so the 6.QV values should be used. 


Symbol 
Parameter 
Conditions 
Typ 
Guaranteed 
Limit 
Units 


'MAX 
Maximum 
Operating 
Frequency 
45 
30 
MHz 


tpHL, tpLH 
Maximum 
Propagation 
Delay, Clock to Q 


c 
14 
24 
ns 


tpHL 
Maximum 
Propagation 
Delay, Reset to Q 
16 
25 
ns 


tREM 
Minimum 
Removal 
Time, Shift/Load 
to Clock 
0 
ns 


tREM 
Minimum 
Removal 
Time, Reset Inactive 
to Clock 
20 
ns 


ts 
Minimum 
Set Up Time, (A, B, C, D, J, K to Clock) 
20 
ns 


ts 
Minimum 
Set Up Time, Shift/Load 
to Clock 
25 
ns 


tw 
Minimum 
Pulse Width Clock or Reset 
16 
ns 


tH 
Minimum 
Hold Time, any Input except 
Shift/Load 
0 
ns 


TA=25°C 
74HC 
54HC 


Symbol 
Parameter 
Conditions 
VCC 
TA= 
-40to 
85°C 
TA = -55 
to 125°C 
Units 


Typ 
Guaranteed 
Limits 


'MAX 
Maximum 
Operating 
2.0V 
10 
6 
5 
4 
MHz 
Frequency 
4.5V 
45 
30 
24 
20 
MHz 


6.0V 
50 
35 
28 
24 
MHz 


tpHL 
Maximum 
Propagation 
2.0V 
70 
150 
189 
224 
ns 
Delay, Reset to Q 
4.5V 
15 
30 
38 
45 
ns 


6.0V 
12 
26 
32 
38 
ns 


tpHL, tpLH 
Maximum 
Propagation 
2.0V 
70 
145 
183 
216 
ns 
Delay, Clock to Q 
4.5V 
15 
29 
37 
43 
ns 


6.0V 
12 
25 
31 
37 
ns 


tTHL, tTLH 
Maximum 
Output 
Rise 
2.0V 
30 
75 
95 
110 
ns 
and Fall Time 
4.5V 
8 
15 
19 
22 
ns 


6.0V 
7 
13 
16 
19 
ns 


tREM 
Minimum 
Removal 
Time, 
2.0V 
-2 
0 
0 
0 
ns 
Shift Load to Clock 
4.5V 
-2 
0 
0 
0 
ns 


6.0V 
-2 
0 
0 
0 
ns 


tREM 
Minimum 
Removal 
Time, 
2.0V 
100 
125 
150 
ns 
Reset Inactive 
to Clock 
4.5V 
20 
25 
30 
ns 


6.0V 
17 
21 
25 
ns 


ts 
Minimum 
Set Up Time, 
2.0V 
100 
125 
150 
ns 
(A, B, C, D, J, K to Clock) 
4.5V 
20 
25 
30 
ns 


6.0V 
17 
21 
25 
ns 


ts 
Minimum 
Set Up Time, 
2.0V 
125 
156 
188 
ns 
Shift/Load 
to Clock 
4.5V 
25 
31 
38 
ns 


6.0V 
21 
26 
32 
ns 


tH 
Minimum 
Hold Time 
2.0V 
-10 
0 
0 
0 
ns 
Any Input except 
Shift/Load 
4.5V 
-2 
0 
0 
0 
ns 


6.0V 
-2 
0 
0 
0 
ns 


tw 
Minimum 
Pulse Width, 
·2.0V 
30 
80 
100 
120 
ns 
Clock or Reset 
4.5V 
10 
16 
20 
24 
ns 


6.0V 
9 
14 
18 
20 
ns 


tr, tf 
Maximum 
Input Rise 
2.0V 
1000 
1000 
1000 
ns 
and Fall Time 
4.5V 
500 
500 
500 
ns 


6.0V 
.400 
400 
400 
ns 


CPO 
Power Dissipation 
100 
pF 
Capacitance 
(Note 5) 


CIN 
Maximum 
Input Capacitance 
5 
10 
10 
10 
pF 


Note 
5: Cpo 
determines 
the 
no load dynamic 
power 
consumption, 
Po= CPO Vcc2 
f+ Ice 
Vcc. 
and 
the no 
load dynamic 
current 
consumption. 
Is=CPD Vcc f+1cc· 


Note 6: Refer to Section 1 for Typical MM54174HC 
AC SWitching Waveforms 
and Test Circuits. 


SERIAL {J 
INPUTS 
j( 


SHIFT/ 
LOAD 


PARALLEL[: 
DATA 
INPUTS 
C 


D 


OUTPUTsf:~~: 
OC._ 
I 
°D-:= 
I 
CLEAR 


~National 
. 


~ 
semiconductor 


MM54HC221/MM74HC221 
Dual Non-Retriggerable 
Monostable Multivibrator 


General 
Description 


The MM54/74HC221 
high speed "monostable 
multivibrators 


(one 
shots) 
utilize 
microCMOSTM 
Technology, 
3.5 
micron 


silicon 
gate P-well CMOS. 
They feature 
speeds 
comparable 


to low power 
Schottky 
TTL circuitry 
while 
retaining 
the low 


power 
and high noise 
immunity 
characteristic 
of CMOS 
cir- 
cuits. 


Each 
multivibrator 
features 
both 
a negative, 
A, and a posi- 


tive, 
B, transition 
triggered 
input, 
either 
of which 
can 
be 


used as an inhibit 
input. Also 
included 
is a clear 
input that 


when 
taken 
low resets 
the 
one 
shot. 
The 
'HC221 
can 
be 


triggered 
on the 
positive 
transition 
of the 
clear 
while 
A is 


held low and B is held high. 


The 'HC221 
is a non-retriggerable, 
and therefore 
cannot 
be 


retriggered 
until the output 
pulse times 
out. 


Pulse width 
stability 
over a wide 
range 
of temperature 
and 


supply 
is achieved 
using linear CMOS 
techniques. 
The out- 


put pulse 
equation 
is simply: 
PIN = (REXT) (CEXT); where 
PW 


is in seconds, 
R is in ohms, and C is in farads. 
All inputs are 


protected 
from damage 
due to static discharge 
by diodes 
to 


Vcc 
and ground. 


Features 


• 
Typical 
propagation 
delay: 
40 ns 


• 
Wide 
power 
supply 
range: 
2V-6V 


• 
Low quiescent 
current: 
80 p.A maximum 
(74HC 
series) 


• 
Low input current: 
1 p.A maximum 


• 
Fanout 
of 10 LS-TTL 
loads 


• 
Simple 
pulse width 
formula 
T =, RC 


• 
Wide 
pulse 
range: 
400 ns to 
00 
(typ) 


• 
Part to part variation: 
± 5% 
(typ) 


• 
Schmitt 
Trigger 
A & B inputs 
enable 
infinite 
signal 
input 


rise or fall times 


MM54HC221/MM74HC221 


54HC221 
(J) 
74HC221 
(J,N) 


Inputs 
Outputs 


Clear 
A 
B 
Q 
Q 


L 
X 
X 
L 
H 


X 
H 
X 
L 
H 


X 
X 
L 
L 
H 


H 
L 
t 
J1.. 
LJ 


H 
J. 
H 
J1.. 
LJ 


t 
L 
H 
J1.. 
LJ 


H 
- 
High Level 


L = 
Low Level 
t - Transition from Low to High 
J. - 
Transition from High to Low 


J1.. - 
One High Level Pulse 


LJ - 
One Low Levei Pulse 


X = 
Irrelevant 


Absolute Maximum Ratings (Notes 
1 & 2) 
Operating Conditions 


Supply Voltage 
(Vee) 
-0.5V 
to + 7.0V 
Mln 
Max 
Units 


DC Input Voltage 
(VIN) 
-1.5VtoVcc+1.5V 
Supply Voltage(Vecl 
2 
6 
V 


DC Output 
Voltage 
(VOUT) 
-0.5V 
to Vee+0.5V 
DC Input or Output Voltage 
0 
Vec 
V 


Clamp Diode Current 
(11K, 10K) 
±20mA 
(VIN,VOUT) 


DC Output Current, 
per pin (lOUT) 
±25mA 
Operating 
Temperature 
Range(T Al 
MM74HC 
-40 
+85 
·C 


DC Vee or GND Current, 
per pin (lecl 
±50 
mA 
MM54HC 
-55 
+125 
·C 
Storage 
Temperature 
Range (Tsm) 
-65·C 
to + 150·C 


Power Dissipation 
(Po) (Note 3) 
500mW 


Lead Temperature 
(TLJ (Soldering 
10 seconds) 
260·C 


DC Electrical Characteristics 
(Note 
4) 


TA=25·C 
74HC 
54HC 


Symbol 
Parameter 
Conditions 
Vcc 
TA = - 40 to 85·C 
TA= 
-55t0125·C 
Units 
Typ 
Guaranteed 
Limits 


VIH 
Minimum 
High Level 
2.0V 
1.5 
1.5 
1.5 
V 


Input Voltage 
4.5V 
3.15 
3.15 
3.15 
V 


6.0V 
4.2 
4.2 
4.2 
V 


VIL 
Maximum 
Low Level 
2.0V 
0.3 
0.3 
0.3 
V 


Input Voltage 
4.5V 
0.9 
0.9 
0.9 
V 


6.0V 
1.2 
1.2 
1.2 
V 


VOH 
Minimum 
High Level 
VIN = VIH or VIL 


Output 
Voltage 
IIOUTI s:20 p.A 
2.0V 
2.0 
1.9 
1.9 
1.9 
V 


4.5V 
4.5 
4.4 
4.4 
4.4 
V 


6.0V 
6.0 
5.9 
5.9 
5.9 
V 


VIN = VIH or VIL 


!IOUTIS:4.0 mA 
4.5V 
4.2 
3.98 
3.84 
3.7 
V 


IIOUTI s:5.2 mA 
6.0V 
5.7 
5.48 
5.34 
5.2 
V 


VOL 
Maximum 
Low Level 
VIN = VIH or VIL 


Output Voltage 
IIOUTI s:20 p.A 
2.0V 
0 
0.1 
0.1 
0.1 
V 


4.5V 
0 
0.1 
0.1 
0.1 
V 


6.0V 
0 
0.1 
0.1 
0.1 
V 


VIN = VIH or VIL 
liouTI s:4.0 mA 
4.5V 
0.2 
0.26 
0.33 
0.4 
V 


liouTI s:5.2 mA 
6.0V 
0.2 
0.26 
0.33 
0.4 
V 


IIN 
Maximum 
Input Current 
VIN=Vee 
or GND 
6.0V 
±0.5 
±5.0 
±5.0 
p.A 


(Pins 7, 15) 


IIN 
Maximum 
Input Current 
VIN=Vee 
or GND 
6.0V 
±0.1 
±1.0 
±1.0 
p.A 


(All other pins) 


Ice 
Maximum 
Quiescent 
Supply 
VIN=VeeorGND 
6.0V 
8.0 
80 
160 
p.A 


Current 
(Standby) 
IOUT=O p.A 


Ice 
Maximum 
Active Supply 
VIN = Vee or GND 
2.0V 
36 
80 
110 
130 
p.A 


Current 
(per 
R/CEXT 
= 0.5Vee 
4.5V 
0.33 
1.0 
1.3 
1.6 
mA 
monostable 
6.0V 
0.7 
2.0 
2.6 
3.2 
mA 


Note 
1: Maximum 
Ratings are those values beyond which damage 
to the device may occur. 


Note 
2: Unless otherwise 
specified 
all voltages are referenced 
to ground. 


Note 
3: Power Dissipation temperature 
derating - 
plastic "N" 
package; 
-12 mwrc 
from 65°C to 85°C; ceramic "J" package: 
-12 mwrc from 
100·C to 12S·C. 


Note 
4: For a power supply of 5V ±10% 
the worst·case 
output voltages 
{VOH. and VoL> occur for He at 4.5V. Thus the 4.5V values should be used when 
designingwiththis supply.Worst-caseV,H and V,L occur at Vee~S.SV 
and 4.SV respectively.(TheV,H valueat S.SV is 3.8SV.) The worst-caseleakagecurrent 


(I'N. Ice. and lozJ occur for CMOS at the higher.voltageandso the 6.0V valuesshouldbe used. 


AC Electrical Characteristics 
Vcc=5V, 
TA=25"C.Cl 
=15 
pF. tr=tf=6 
ns 


Symbol 
Parameter 
Conditions 
Typ 
Guaranteed 
Units 
Limit 


tPlH 
Maximum 
Trigger 
Propagation 
22 
36 
ns 


Delay A. B or Clear to Q 


I 


tpHl 
Maximum 
Trigger 
Propagation 
25 
42 
ns 


Delay A. B or Clear to a 


tpHl 
Maximum 
Propagation 
Delay Clear to Q 
20 
31 
ns 


tplH 
Maximum 
Propagation 
Delay Clear to Q 
22 
33 
ns 


tw 
Minimum 
Pulse Width A. B or Clear 
14 
26 
ns 


tREM 
Minimum 
Clear Removal 
Time 
0 
ns 


tWQ(MIN) 
Minimum 
Output 
Pulse Width 
CEXT=28 
pF 
400 
ns 


REXT=2kJ1 
, 


" 


tWQ 
Output 
Pulse Width 
CEXT = 1000 pF 
10 
/-,S 


REXT=10 
kJ1 


AC Electrical Characteristics 
Cl =50 
pF tr=tf=6 
ns(unless 
otherwise 
specified) 


T 
=25"C 
74HC 
54HC 


Symbol 
Parameter 
Conditions 
Vcc 
A 
TA = -40 
to 85"C TA = -55 
to 125"C 
Units 


Typ 
Guaranteed 
Limits 


tplH 
Maximum 
Trigger 
Propagation 
2.0V 
77 
169 
194 
210 
ns 
Delay A. B or Clear to Q 
4.5V 
26 
42 
51 
57 
ns 


6.0V 
21 
32 
39 
44 
ns 


tpHl 
Maximum 
Trigger 
Propagation 
2.0V 
88 
197 
229 
250 
ns 
Delay A. B or Clear to a 
4.5V 
29 
48 
60 
67 
ns 


6.0V 
24 
38 
46 
51 
ns 


tpHl 
Maximum 
Propagation 
2.0V 
54 
114 
132 
143 
ns 
Delay Clear to Q 
4.5V 
23 
34 
41 
45 
ns 


6.0V 
19 
28 
33 
36 
ns 


tplH 
Maximum 
Propagation 
2.0V 
56 
116 
135 
147 
ns 
Delay Clear to a 
4.5V 
25 
36 
42 
46 
ns 


6.0V 
20 
29 
34 
37 
ns 


tw 
Minimum 
Pulse Width 
2.0V 
57 
123 
144 
157 
ns 
A. B.Clear 
4.5V 
17 
30 
37 
42 
ns 


6.0V 
12 
21 
27 
30 
ns 


tREM 
Minimum 
Clear 
2.0V 
0 
0 
0 
ns 
Removal 
Time 
4.5V 
0 
0 
0 
ns 


6.0V 
0 
0 
0 
ns 


tTlH. tTHl 
Maximum 
Output. 
2.0V 
75 
95 
110 
ns 
Rise and Fall Time 
4.5V 
15 
19 
22 
ns 


6.0V 
13 
16 
19 
ns 


tWQ(MIN) 
Minimum 
Output 
CEXT=28 
pF 
2.0V 
1.5 
/-,S 
Pulse Width 
REXT=2 
kJ1 
4.5V 
450 
ns 


REXT=6 
kJ1 (Vcc=2V) 
6.0V 
380 
ns 


tWQ 
Output 
Pulse Width 
CEXT=0.1/-,F 
Min 
4.5V 
1 
0.9 
ms 


REXT=10 
kJ1 


Max 
4.5 
1 
1.1 
ms 


CIN 
Maximum 
Input 
12 
20 
20 
20 
pF 
Capacitance 
(Pins 7 & 15) 


CIN 
Maximum 
Input 
6 
10 
10 
10 
pF 
Capacitance 
(Other 
Inputs) 


Vee 
Yee 
vee 
t 
.f. 
,\cm 


':' 


CD 
0) 
0 
A-Il 
IUl_ 
n 
_ 
o 
u....---------- 


CD 
CD 
-----------------------------..;;LJ""------- 


CLEAR 


<D POSITIVE 
EDGE 
TRIGGER 


<2> NEGATIVE 
EDGE 
TRIGGER 


<2> POSITIVE 
EDGE 
TRIGGER 


@ POSITIVE 
EDGE 
RE-TRIGGER 
(PULSE 
LENGTHENING) 
'HC123, 
423 ONLY 


<J> RESET 
PULSE 
SHORTENING 


(J) CLEAR 
TRIGGER 
('HC123, 
'HC221 
ONLY) 


FIGURE 
1. 


\;lIcuyt:;lU 
lU 
YCC' 
VVllt:;l11 Ult:;l Ulyyt:;ll 
IfIJJUl"" 
YUt:;l~ 
IfUIII 
VCC 
lU 


GND (while inputs B and clear are held to VccJ a valid trig- 
ger is recognized, which turns on comparator C1 and N- 
Channel transistor N1<D.At the same time the output latch 
is set. With transistor N1 on, the capacitor CEXTrapidly dis- 
charges toward GND until VREFI is reached. At this point 
the output of comparator C1 changes state and transistor 
N1turns off. Comparator C1then turns off while at the same 
time comparator C2 turns on. With transistor N1 off, the ca- 
pacitor CEXTbegins to charge through the timing resistor, 
REXT,toward Vcc. When the voltage across CEXTequals 
VREF2,comparator C2 changes state causing the output 
latch to reset (0 goes low) while at the same time disabling 
comparator C2. This ends the timing cycle with the monosta- 
ble in tt:le quiescent state, waiting for the next trigger. 


A valid trigger is also recognized when trigger input B goes 
from GND to Vcc (while input A is at GND and input clear is 
at Vcc®. 
The 'HC221 can also be triggered when clear 


goes from GND to VCC (while A is at Gnd and B is at 
VCC®·) 
It should be noted that in the quiescent state CEXTis fully 
charged to Vcc causing the current through resistor REXT 


Typical 
Output 
Pulse Width vs. 
Timing 
Components 


10m 


VICl 
Ult:;l 
IIIJJUl 
Ulijijt:;ll 
WIUIUUl 
It::IYClfU 
tV 
lIlt:l 
I,.;ClJJdl,.;llVI 
YUIl- 


age. Thus, propagation delay from trigger to 0 is indepen- 
dent of the value of CEXT,REXT,or the duty cycle of the 
input waveform. 


The 'HC221 is non-retriggerable and will ignore input tran· 
sitions on A and B until it has timed out ® and ®. 


RESET OPERATION 


These one shots may be reset during the generation of the 
output pulse. In the reset mode of operation, an input pulse 
on clear sets the reset latch and causes the capacitor to be 
fast charged to VCC by turning on transistor 01 ®. When 
the voltage on the capacitor reaches VREF2,the reset latch 
will clear and then be ready to accept another pulse. If the 
clear .input is held low, any trigger inputs that occur will be 
inhibited and the 0 and Q outputs of the output latch will 
not change. Since the 0 output is reset when an input low 
level is detected on the Clear input, the output pulse T can 
be made significantly shorter than the minimum pulse width 
specification. 


Typical 
Distribution 
of Output 
Pulse Width, 
Part to Part 


::G~~ 1.2 
Vcc-5V 
= 
1.0 
TA~25°C 
Rexr ~ 10 klJ /1\ 
Cm~O.l"F 
:5 
0.8 


>- 
ffi 
0.6 


~ 
0.4 


w 
> 
0.2 


~ 


Typlcal1rt:ls 
Pulse Width 
Variation vs. Supply 


5 


4 


~ 
3 


~ 
2 


~ 
1 


~ 
0 
~ ~; 
~ 
-3 
-4 
-5 
1 
2 
3 
4 
5 


POWER SUPPLY IV) 


TA~25°C 
Rm~10klJ 
Cm~O.l 
"F 


1\ 
'" 


0.01~ 
0.1" 


TIMING CAPACITOR (F) 


TLIF/5206-7 


0.92 
0.96 
1.00 
1.04 
1.06 


OUTPUT PULSE WIDTH (m,) 


TL/F/5206-8 


Minimum 
REXT vs. 
Supply 
Voltage 


~ 
'" 
6 
!Ji 
~ 
5 
\ 
'" 
4 
z 


\WORST.CASE 
iii 
;::: 
3 
i 
2 
"'l.... 


~ 
....•. 
........ 


:> 
TYPICAL 
~ 
1 
i 
"'"1- -- 
~ 


2 
3 
4 
5 
6 


POWER SUPPlY 
(V) 


TL/F/5206-10 


Typical 
1 ms Pulse Width 
Variation 
vs. Temperature 


1.0 


0.8 


;!:. 
0.6 


~ 
0.4 
r-... 


~ 
0.2 
.•••••• 


~ 
0 
~ 
-0.2 
z 
~ 
-0.4 
~ 
-0.6 


-0.8 


-1.0 


-55 
-15 
25 
65 
105125 


TEMPERATURE I'C) 


~National 
~ 
semiconductor- 


MM54HC237/MM74HC237 
3-to-8 Line Decoder With Address Latches 


General 
Description 
These devices utilize microCMOSTMTechnology, 3.5 mi- 
cron silicon gate P-well CMOS, to implement a three-to- 
eight line decoder with latches on the three address inputs. 
When GI goes from low to high, the address present at the 
select inputs (A, B and C) is stored in the latches. As long as 
GL remains high no address changes will be recognized. 
Output enable controls, G1 and G2, control the state of the 
outputs independantly of the select or latch-enable inputs. 
All of the outputs are low unless G1 is high and G2 is low. 
The 'HC237 is ideally suited for the implementation of glitch- 
free decoders in stored-address applications in bus oriented 
systems. 


The 54HC174HC logic family is speed, function and pin-out 
compatible with the standard 54LS174LS logic family. All 
inputs are protected from damage due to static discharge by 
diodes to Vcc and ground. 


Features 
• 
Typical propagation delay: 20 ns 
• 
Wide supply range: 2-6V 
• 
Latched inputs for easy interfacing. 


• 
Fanout of 10 LS-TIL loads. 


2 


ABC-- 
SELECT 


4 
5 
7 
B 


III 
62 
Gl 
Y7 
GND 
-- 
ENABLE 
DUTPUT 


TL/F/5326-1 


MM54HC2371MM74HC237 


54HC237 (J) 
74HC237(J,N) 
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L 
L 
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L 
L 
L 
H 
L 
H 
L 
L 
L 
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L 
L 
L 
L 
L 
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H 
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L 
H 
L 
H 
L 
L 
L 
L 
L 
L 
H 
L 
L 
L 
L 
H 
L 
H 
L 
H 
L 
L 
L 
L 
L 
H 
L 
L 
L 
H 
L 
H 
H 
L 
L 
L 
L 
L 
L 
L 
H 
L 
L 
H 
L 
H 
H 
H 
L 
L 
L 
L 
L 
L 
L 
H 


H 
H 
L 
X 
X 
X 
Output corresponding to stored 
address, L; all others, H 


Absolute Maximum Ratings 
(Notes 1 & 2) 
Supply Voltage (Vecl 
-0.5 to + 7.0V 


DC Input Voltage (VIN) 
-1.5 to Vee+1.5V 
DC Output Voltage (Vour) 
-0.5 to Vee+0.5V 


Clamp Diode Current (11K. 10K) 
± 20 mA 
DC Output Current. per pin (lour) 
± 25 mA 


DC Vee or GND ~urrent. per pin (Iecl 
±50 mA 
Storage Temperature Range (TSTG) 
- 65'C to + 150'C 
Power Dissipation (Po) (Note 3) 
500 mW 


Lead Temperature (TU (Soldering 10 seconds) 
260'C 


Operating Conditions 
Mln 
2 
o 


Max 
Units 
6 
V 


Vcc 
V 


+85 
'C 
+125 
'C 


1000 
ns 
500 
ns 
400 
ns 


Supply Voltage(Vecl 
DC Input or Output Voltage 
(VIN.Vour) 
Operating Temperature Range(TtJ 
MM74HC 
-40 
MM54HC 
-55 


Input Rise or Fall Times 
(tr•tt) 
Vcc=2.0V 
Vee=4.5V 
Vee=6.0V 


TA=25'C 
74HC 
54HC 


Symbol 
Parameter 
Conditions 
Vcc 
TA= -40to 
85'C 
TA= -55 to 125'C 
Units 
Typ 
Guaranteed Limits 


VIH 
Minimum High Level 
2.0V 
1.5 
1.5 
1.5 
V 
Input Voltage 
4.5V 
3.15 
3.15 
3.15 
V 
6.0V 
4.2 
4.2 
4.2 
V 


VIL 
Maximum Low Level 
2.0V 
0.3 
0.3 
0.3 
V 


Input Voltage 
4.5V 
0.9 
0.9 
0.9 
V 
6.0V 
1.2 
1.2 
1.2 
V 


VOH 
Minimum High Level 
VIN= VIHor VIL 
Outpu1Voltage 
Iiourl :5:20/LA 
2.0V 
2.0 
1.9 
1.9 
1.9 
V 
4.5V 
4.5 
4.4 
4.4 
4.4 
V 
6.0V 
6.0 
5.9 
5.9 
5.9 
V 


VIN= VIHor VIL 
Iiourl :5:4.0mA 
4.5V 
4.2 
3.98 
3.84 
3.7 
V 


Iiourl :5:5.2 mA 
6.0V 
5.7 
5.48 
5.34 
5.2 
V 


VOL 
Maximum Low Level 
VIN= VIHor VIL 


Output \(oltage 
Iiourl :5:20 /LA 
2.0V 
0 
0.1 
0.1 
0.1 
V 
4.5V 
0 
0.1 
0.1 
0.1 
V 
6.0V 
0 
0.1 
0.1 
0.1 
V 


VIN= VIHor VIL 
Ilourl';;4.0 
mA 
4.5V 
0.2 
0.26 
0.33 
0.4 
V 


Ilourl';;5.2 
mA 
6.0V 
0.2 
0.26 
0.33 
0.4 
V 


IIN 
Maximum Input 
VIN= Vee or GND 
6.0V 
±0.1 
±1.0 
±1.0 
/LA 


Current 


Ice 
Maximum Quiescent 
VIN=Vee or GND 
6.0V 
8.0 
80 
160 
/LA 
Supply Current 
lour=O 
/LA 


Note 
1: Absolute 
Maximum 
Ratings are those values beyond which damage to the device may occur. 


Note 2: Unless otherwise 
specified all Yoltago$ are referenced 
to ground. 


Note 
3: Power 
Dissipation 
temperature 
derating 
- 
plastic 
"N" 
package: 
-12 
mWrC 
from 
65'C 
to 85'C; 
ceramic 
"J" 
package: 
-12 
mWrC 
from 
100'C to 125'C. 


Note 
4: For a power supply of 5V ±10% 
the worst case omput voltages 
(VOH, and You 
occur for HC at 4.5V. Thus the 4.5V values should be used when 


designing with this supply. Worst case VIH and V,L occur at Vcc=5.5V 
and 4.5V respectively. 
(The VIH value at5.5V 
is 3.85V.) The worst case leakage current (I,N. 
Ice. and lozl 
occur for CMOS at the higher voltage 
and so the 6.0V values should be used. 


AC Electrical Characteristics 
Vcc=5V. 
TA=25'C. 
CL =15 
pF. tr=tf=6 
ns 


Symbol 
Parameter 
Conditions 
Typ 
Guaranteed 
Units 
Limit 


tpLH 
Maximum 
Propagation 
Delay A, B or C to any Y Output 
20 
41 
ns 


tpLH 
Maximum 
Propagation 
Delay A, B or C to any Y Output 
16 
32 
ns 


tpLH 
Maximum 
ProPligation 
GL to any Y Output 
22 
44 
ns 


tpHL 
Maximum 
Propagation 
Delay GL to any Y Output 


, 


17 
33 
ns 


tpLH 
Maximum 
Propagation 
Delay G1 or G2 to Output 
16 
35 
ns 


tpHL 
Maximum 
Propagation 
Delay G1 or G2 to Output 
14 
25 
ns 


ts 
Minimum 
Set Up Time at A. Band 
C inputs 
10 
20 
ns 


tH 
Minimum 
Hold Time at A, Band 
C inputs 
-3 
0 
ns 


tw 
Minimum 
Pulse Width of Enabling 
Pulse at GL 
9 
16 
ns 


AC Electrical Characteristics 
CL =50 
pF. tr=tf=6 
ns (unless 
otherwise 
specified) 


TA=25'C 
74HC 
54HC 


Symbol 
Parameter 
Conditions 
Vcc 
TA = -40 
to 85'C 
TA= 
-55 
to 125'C 
Units 
Typ 
Guaranteed 
Limits 


tpLH 
Maximum 
Propagation 
2.0V 
100 
235 
296 
350 
ns 


Delay, A. B or C to any Y Output 
4.5V 
24 
47 
59 
70 
ns 
6.0V 
20 
40 
50 
60 
ns 


tPLH 
Maximum 
Propagation 
2.0V 
80. 
185 
233 
276 
ns 
Delay, A, B or C to anyY Output 
4.5V 
19 
37 
47 
55 
ns 
6.0V 
17 
31 
40 
47 
ns 


tpLH 
Maximum 
Propagation 
2.0V 
125 
250 
315 
373 
ns 


GL to any Y Output 
4.5V 
25 
50 
63 
75 
ns 
6.0V 
20 
43 
54 
63 
ns 


tPHL 
Maximum 
Propagation 
Delay 
2.0V 
95 
190 
239 
283 
ns 


GL to any Y Output 
4.5V 
19 
38 
48 
75 
ns 
6.0V 
16 
32 
41 
48 
ns 


tpLH 
Maximum 
Propagation 
2.0V 
100 
200 
252 
298 
ns 


Delay. G1 or G2 to Output 
4.5V 
20 
40 
50 
60 
ns 


6.0V 
17 
34 
43 
. 
51 
ns 


tpHL 
Maximum 
Propagation 
2.0V 
73 
145 
183 
216 
ns 


Delay G1 or G2 to Output 
4.5V 
15 
29 
37 
43 
ns 


6.0V 
12 
25 
31 
37 
ns 


ts 
Minimum 
Set Up Time 
2.0V 
100 
125 
150 
ns 
at A. Band 
C Inputs 
4.5V 
20 
25 
30 
ns 


6.0V 
17 
21 
25 
ns 


tH 
Minimum 
Hold Time 
2.0V 
0 
0 
0 
ns 
at A. Band 
C Inputs 
4.5V 
0 
0 
0 
ns 


6.0V 
0 
0 
0 
ns 


tw 
Minimum 
Pulse Width 
2.0V 
30 
80 
100 
120 
ns 
of Enabling 
Pulse at GL 
4.5V 
10 
16 
20 
24 
ns 
6.0V 
9 
14 
18 
20 
ns 


tTLH. tTHL 
Maximum 
Output 
Rise 
2.0V 
30 
75 
95 
110 
ns 


and Fall Time 
4.5V 
8 
15 
19 
22 
ns 


6.0V 
7 
13 
16 
19 
ns 


CPO 
Power Dissipation 
75 
pF 


Capacitance 
(Note 5) 


CIN 
Maximum 
Input 
5 
10 
10 
10 
pF 


Capacitance 


Note 
5: CPO determines 
the 
no 
load 
dynamic 
power 
consumption, 
PO=CPD 
Vcc2 
f+ICC 
Vcc. 
and 
the 
no 
load 
dynamic 
current 
consumption, 
15~CPDVCC f+lcc· 
Note 6: Refer to Section1 for TypicalMM54174HC 
AC SW~chingWaveformsand Test Circuits. 
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MM54HC240/MM74HC240 
Inverting Octal TRI-STATE® Buffer 
MM54HC241/MM74HC241 
Octal TRI-STATE Buffer 


General Description 


These 
Tri-State 
buffers 
utilize 
microCMOSTM 
Technology, 
3.5 micron 
silicon 
gate 
P-well 
CMOS. 
They 
possess 
high 
drive 
current 
outputs 
which 
enable 
high 
speed 
operation 
even 
when 
driving 
large 
bus capacitances. 
These 
circuits 
achieve 
speeds 
comparable 
to low power Schottky 
devices, 
while 
retaining 
the advantage 
of CMOS 
circuitry, 
i.e., high 
noise 
immunity, 
and low power 
consumption. 
Each 
have a 
fanout 
of 15 LS-TIL 
equivalent 
inputs. 


The 
MM54HC240/MM74HC240 
is an inverting 
buffer 
and 
has two active 
low enables 
(1<3and 2(3). Each enable 
inde- 
pendently 
controls 
4 buffers. 
MM54HC241/MM74HC241 
is 
a non-inverting 
buffer 
that 
has one 
active 
low enable 
and 
one 
active 
high 
enable, 
each 
again 
controlling 
4 buffers. 
Neither 
device 
has Schmitt 
trigger 
inputs. 


All 
inputs 
are 
protected 
from 
damage 
due 
to 
static 
dis- 
charge 
by diodes 
to Vcc 
and ground. 


Features 


• 
Typical 
propagation 
delay: 
12 ns 


• 
TRI-STATE 
outputs 
for connection 
to system 
buses 


• 
Wide 
power 
supply 
range: 
2-6V 


• 
Low quiescent 
supply 
current: 
80 ",A (74 series) 


• 
Output 
current: 
6 mA 
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TL/L/S020-1 
MM54HC240/MM74HC240 
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TL/L/S020-2 
MM54HC241/MM74HC241 


54HC241 
(J) 
74HC241 
(J,N) 


1G 
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2G 
2A 
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L 
L 
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Z 
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L 
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H 
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Absolute 
Maximum Ratings 
(Notes 
1 & 2) 


Supply Voltage 
(Veel 
-0.5 
to + 7.0V 


DC Input Voltage 
(VIN) 
-1.5 
to Vee+1.5V 


DC Output Voltage 
(VOUT) 
-0.5 
to Vee+0.5V 
Clamp Diode Current 
(11K, 10K) 
± 20 mA 
DC Output 
Current, 
per pin (lOUT) 
± 35 mA 


DC Vee or GND Current, 
per pin (Ieel 
± 70 mA 
Storage 
Temperature 
Range (TSTG) 
- 65°C to + 150°C 
Power Dissipation 
(PD) (Note 3) 
500 mW 
Lead Temperature 
(TLl (Soldering 
10 seconds) 
260°C 


Operating 
Conditions 


Mln 
2 
o 


Max 
6 


Vee 


Units 
V 


V 


Supply Voltage(Veel 


DC Input or Output Voltage 
(VIN,VOUT) 


Operating 
Temperature 
Range(T tV 
MM74HC 
-40 
MM54HC 
-55 


Input Rise or Fall Times 
(t" tt) 
Vee=2.0V 
Vee=4.5V 
Vee=6.0V 


1000 
500 
400 


TA=25°C 
74HC 
54HC 


Symbol 
Parameter 
Conditions 
Vcc 
TA = - 40 to 85°C 
TA = -55 
to 125°C 
Units 
Typ 
Guaranteed 
Limits 


VIH 
Minimum 
High Level 
2.0V 
1.5 
1.5 
1.5 
V 


Input Voltage 
4.5V 
3.15 
3.15 
3.15 
V 


, 
6.0V 
4.2 
4.2 
4.2 
V 


VIL 
Maximum 
Low Level 
2.0V 
0.3 
0.3 
0.3 
V 


Input Voltage 
4.5V 
0.9 
0.9 
0.9 
V 


6.0V 
1.2 
1.2 
1.2 
V 


VOH 
Minimum 
High Level 
VIN = VIH or VIL 
Output Voltage 
liouTI ,;;20 !LA 
2.0V 
2.0 
1.9 
1.9 
1.9 
V 


4.5V 
4.5 
4.4 
4.4 
4.4 
V 


6.0V 
6.0 
5.9 
5.9 
5.9 
V 


VIN=VIH 
orVIL 


!IOUTI,;;6.0 
mA 
4.5V 
4.2 
3.98 
3.84 
3.7 
V 


IIOUTI';;7.8 
mA 
6.0V 
5.7 
5.48 
5.34 
5.2 
V 


VOL 
Maximum 
Low Level 
VIN = VIH or VIL 


Output Voltage 
IIOUTI ';;20 !LA 
2.0V 
0 
0.1 
0.1 
0.1 
V 


4.5V 
0 
0.1 
0.1 
0.1 
V 


6.0V 
0 
0.1 
0.1 
0.1 
V 


VIN = VIH or VIL 


IIOUTI';;6.0 
mA 
4.5V 
0.2 
0.26 
0.33 
0.4 
V 


1i0uTI ';;7.8 mA 
6.0V 
0.2 
0.26 
0.33 
0.4 
V 


IIN 
Maximum 
Input 
VIN=Vee 
or GND 
6.0V 
±0.1 
±1.0 
±1.0 
!LA 


Current 


10l 
Maximum 
Tri·Stata 
VIN = VIH or VIL 
6.0V 
±0.5 
±5 
±10 
!LA 
Output 
Leakage 
VouT=VeeorGND 


Current 
G=VIH' 
G=VIL 


lee 
Maximum 
Quiescent 
VIN=VeeorGND 
6.0V 
8.0 
80 
160 
!LA 
Supply Current 
IOUT=O !LA 


Note 1: Abs"'ute 
Maximum 
Ratings are those values beyond which damage 
to the device may occur. 


Note 
2: Unless otherwise 
specified all voltages 
are referenced 
to ground. 


Note 
3: Power Dissipation temperature 
derating - 
plastic "N" 
package: 
-12 
mwrc 
from 65 


DC 
to 85"C; ceramic "v" package: 
-12 
mwrc 
from 
1000e to 125°e. 


Note 4: For a power supply of 5V ± 10% the wetst case output voltages (VOH. and Vou occur for He at 4.5V. Thus the 4.5V values should be used when 
designing with this supply. Worst case V1Hand VIL occur at Vec= 
5.5V and 4.5V respectively. 
(The VIH value at 5.5V is 3.85V.) 
The worst case leakage 
current (IIN. 
Ice. and loz) occur for CMOS 
at the higher voltage and so the 6.QV values should be used. 


AC Electrical Characteristics 
MM54HC240/MM74HC240 


Vcc=5V, 
TA=25'C, 
tr=tf=6 
ns 


Symbol 
Parameter 
Conditions 
Typ 
Guaranteed 
Limit 
Units 


tpHL, tpLH 
Maximum 
Propagation 
Delay 
CL =45pF 
12 
18 
ns 


tpZH, tpZL 
Maximum 
Enable 
Delay 
RL =1 kO 
14 
28 
ns 


to Active Output 
CL =45 
pF 


tpHZ, tPLZ 
Maximum 
Disable 
Delay 
RL =1 kO 
13 
25 
ns 


from Active Output 
CL =5 
pF 


AC Electrical Characteristics 
MM54HC240/MM74HC240 


Vcc=2.0V 
to 6.0V, CL =50 
pF. tr=tf=6 
ns (unless 
otherwise 
specified) 


TA=25'C 
74HC 
54HC 


Symbol 
Parameter 
Conditions 
Vcc 
TA= 
-40 
to 85'C 
TA= 
-55 
to 125'C 
Units 
Typ 
Guaranteed 
Limits 


tpHL, tpLH 
Maximum 
Propagation 
CL =50 
pF 
2.0V 
55 
100 
126 
149 
ns 


Delay 
CL =150 
pF 
2.0V 
80 
150 
190 
224 
ns 


CL =50 
pF 
4.5V 
12 
20 
25 
30 
ns 


CL =150 
pF 
4.5V 
22 
30 
38 
45 
ns 


CL =50 
pF 
6.0V 
11 
17 
21 
25 
ns 


CL=150pF 
6.0V 
28 
26 
32 
38 
ns 


tpZH. tPZL 
Maximum 
Output 
Enable 
RL =1 kO 


CL =50pF 
2.0V 
75 
150 
189 
224 
ns 


CL =150 
pF 
2.0V 
100 
200 
252 
298 
ns 


CL =50 
pF 
4.5V 
15 
30 
38 
45 
ns 


CL =150 
pF 
4.5V 
20 
40 
50 
60 
ns 


CL =50 
pF 
6.0V 
13 
26 
32 
38 
ns 


CL =150 
pF 
6.0V 
17 
34 
43 
51 
ns 


tpHZ. tpLZ 
Maximum 
Output 
Disable 
RL =1 kO 
2.0V 
75 
150 
189 
224 
ns 
Time 
CL =50pF 
4.5V 
15 
30 
38 
45 
ns 


6.0V 
13 
26 
32 
38 
ns 


tTLH. tTHL 
Maximum 
Output 
2.0V 
60 
75 
90 
ns 
Rise and Fall 
4.5V 
12 
15 
18 
ns 


Time 
6.0V 
10 
13 
15 
ns 


CPO 
Power Dissipation 
(per buffer) 


Capacitance 
(Note 5) 
G=VIH. 
G=VIL 
12 
pF 


G=VIL, 
G=VIH 
50 
pF 


CIN 
Maximum 
Input Capacitance 
5 
10 
10 
10 
pF 


COUT 
Maximum 
Output Capacitance 
10 
20 
20 
20 
pF 


AC Electrical Characteristics 
MM54HC241/MM74HC241 


Vcc=5V. 
TA=25·C. 
tr=tf=6 
ns 


Symbol 
Parameter 
Conditions 
Typ 
Guaranteed 
Limit 
Units 


tpHL. tpLH 
Maximum 
Propagation 
Delay 
CL =45 
pF 
13 
20 
ns 


tpZH. tpZL 
Maximum 
Enable 
Delay to 
RL =1 kO 
1G 
17 
28 
ns 


Active Output 
CL =45 
pF 
2G 
17 
28 
ns 


tpHZ. tpLZ 
Maximum 
Disable 
Delay 
RL =1 kO 
1G 
15 
25 
ns 


from Active 
Input 
CL =5 
pF 
2G 
13 
25 
ns 


AC Electrical Characteristics 
MM54HC241/MM74HC241 


Vcc=2.0V 
to 6.0V. CL =50 
pF. t,.=tf=6 
ns (unless 
otherwise 
specified) 


TA=25'C 
74HC 
54HC 


Symbol 
Parameter 
Conditions 
Vcc 
TA = -40 
to 85'C 
TA = -55 
to 125'C 
Units 


Typ 
Guaranteed 
Limits 


tpHL. tpLH 
Maximum 
Propagation 
CL =50 
pF 
2.0V 
58 
115 
145 
171 
ns 


Delay 
CL =150 
pF 
2.0V 
83 
165 
208 
246 
ns 


CL =50 
pF 
4.5V 
14 
23 
29 
34 
ns 


CL =150 
pF 
4.5V 
17 
33 
42 
49 
ns 


CL =50 
pF 
6.0V 
10 
20 
25 
29 
ns 


CL =150 
pF 
6.0V 
14 
28 
35 
42 
ns 


tpZH. tPZL 
Maximum 
Output 
Enable 
RL =1 kO 


CL =50 
pF 
2.0V 
75 
150 
189 
224 
ns 


CL =150 
pF 
2.0V 
100 
200 
252 
298 
ns 


CL =50pF 
4.5V 
15 
30 
38 
45 
ns 


CL =150 
pF 
4.5V 
20 
40 
50 
60 
ns 


CL =50 
pF 
6.0V 
13 
26 
32 
38 
ns 


CL =150 
pF 
6.0V 
17 
34 
43 
51 
ns 


tpHZ. tpLZ 
Maximum 
Output 
Disable 
RL =1 kO 
2.0V 
75 
150 
189 
224 
ns 


Time 
CL =50 
pF 
4.5V 
15 
30 
38 
45 
ns 


6.0V 
13 
26 
32 
38 
ns 


tTLH. tTHL 
Maximum 
Output 
2.0V 
60 
75 
90 
ns 


Rise and Fall 
4.5V 
1f 
15 
18 
ns 


Time 
6.0V 
10 
13 
15 
ns 


CPO 
Power Dissipation 
(per buffer) 


Capacitance 
(Note 5) 
G=VIH. 
G=VIL 
12 
pF 


G=VIL. 
G=VIH 
50 
pF 


CIN 
Maximum 
Input Capacitance 
5 
10 
10 
10 
pF 


COUT 
Maximum 
Output Capacitance 
10 
20 
20 
20 
pF 


Note 
5: CPO determines 
the 
no load dynamic 
power 
consumption, 
PO=CPD 
Vcc2 
1+ICC Vcc, 
and the 
no load dynamic 
current 
consumption, 
IS-Cpo Vcc f+1cc· 


Note 6: Refer to Section 1 for Typical MM54174HC 
AC Switching Waveforms 
and Test Circuits. 
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MM54HC242/MM74HC242 
Inverting Quad TRI-STATE® Transceiver 
MM54HC243/MM74HC243 
Quad TRI-STATE Transceiver 


General 
Description 


These 
TRI-STATE 
bi-directional 
inverting 
and non-inverting 
buffers 
utilize microCMOSTM 
Technology, 
3.5 micron 
silicon 
gate P-well CMOS, 
and are intended 
for two-way 
asynchro- 
nous 
communication 
between 
data 
buses. 
They 
have 
high 
drive 
current 
outputs 
which 
enable 
high 
speed 
operation 
when 
driving 
large 
bus capacitances. 
These 
circuits 
pos- 
sess the low power 
dissipation 
and high noise immunity 
as- 
sociated 
with CMOS 
circuits, 
but speeds 
comparable 
to low 
power Schottky 
TTL circuits. 
They can also drive 15 LS-TTL 
loads. 


The 
MM54HC242/MM74HC242 
is a non-inverting 
buffer 
and the 
MM54HC243/MM74HC243 
is an inverting 
buffer. 


Each 
device 
has one 
active 
high enable 
(GBA), 
and 
one 
active 
low enable 
(GAB). 
GBA 
enables 
the A outputs 
and 


GAB 
enables 
the 
B outputs. 
This 
device 
does 
not 
have 
Schmitt 
trigger 
inputs. 
' 


All 
inputs 
are 
protected 
from 
damage 
due 
to 
static 
dis- 
charge 
by diodes 
to Vcc 
and ground. 


Features 


• 
Typical 
propagation 
delay: 
12 ns 


• 
TRI-STATE 
outputs' 


• 
Two way asynchronous 
communication 


• 
High output 
current: 
6 mA (74HC) 


• 
Wide 
power 
supply 
range: 
2-6V 


• 
Low quiescent 
supply 
current: 
80 J.'A (74HC) 


GND 
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MM54HC242/MM74HC242 
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MM54HC243/MM74HC243 


54HC243 (J) 
74HC243 (J,N) 
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Absolute Maximum Ratings 
(Notes 
1 & 2) 
Operating Conditions 


Supply Voltage 
(Vcel 
-0.5 
to + 7.0V 
Mln 
Max 
Units 


DC Input Voltage 
(VIN) 
-1.5 
to Vcc+1.5V 
Supply Voltage(Vcc) 
2 
6 
V 


DC Output Voltage 
(Vour) 
-0.5 
to Vcc+0.5V 
DC Input or Output Voltage 
0 
Vcc 
V 


Clamp Diode Current 
(11K,10Kl 
±20mA 
(VIN,Vour) 


DC Output Current, 
per pin (lour) 
±35mA 
Operating 
Temperature 
Range(T Al 


DC Vcc or GND Current, 
per pin (Icel 
±70mA 
MM74HC 
-40 
+85 
·C 


Storage 
Temperature 
Range (T8TG) 
- 65·C to + t 50·C 
MM54HC 
-55 
+125 
·C 


Power Dissipation 
(PD) (Note 3) 
500mW 
Input Rise or Fall Times 


Lead Temperature 
(TJ (Soldering 
10 seconds) 
260·C 
(tr,tf) 
Vcc=2.0V 
1000 
ns 


Vcc= 
4.5V 
500 
ns 


Vcc=6.0V 
400 
ns 


DC Electrical Characteristics 
(Note 4) 


TA=25·C 
74HC 
. 54HC 


Symbol 
Parameter 
Conditions 
VCC 
TA= 
-40to 
85·C 
TA = -55 
to 125·C 
Units 
Typ 
Guaranteed 
Limits 


VIH 
Minimum 
High Level 
2.0V 
1.5 
1.5 
1.5 
V 


Input Voltage 
4.5V 
3.15 
3.15 
3.15 
V 


6.0V 
4.2 
4.2 
4.2 
V 


VIL 
Maximum 
Low Level 
2.0V 
0.3 
0.3 
0.3 
V 


Input Voltage 
4.5V 
0.9 
0.9 
0.9 
V 


6.0V 
1.2 
1.2 
1.2 
V 


VOH 
Minimum 
High Level 
VIN=VIHorVIL 


Output 
Voltage 
IlourlS:20 
p.A 
2.0V 
2.0 
1.9 
1.9 
1.9 
V 


4.5V 
4.5 
4.4 
4.4 
4.4 
V 


6.0V 
6.0 
5.9 
5.9 
5.9 
V 


VIN=VIHorVIL 


Iiourl 
S:6.0 mA 
4.5V 
4.2 
3.98 
3.84 
3.7 
V 


IlourlS:7.8 
mA 
6.0V 
5.7 
5.48 
5.34 
5.2 
V 


VOL 
Maximum 
Low Level 
VIN=VIH 
or VIL 


Output Voltage 
IlourlS:20 
p.A 
2.0V 
0 
0.1 
0.1 
0.1 
V 


4.5V 
0 
0.1 
0.1 
0.1 
V 


6.0V 
0 
0.1 
0.1 
0.1 
V 


VIN=VIH 
orVIL 


Iiourl 
S:6.0 mA 
4.5V 
0.2 
0.26 
0.33 
0.4 
V 


Iiourl 
,;;].8 
mA 
6.0V 
0.2 
0.26 
0.33 
0.4 
V 


IIN 
Maximum 
Input 
VIN=VCC 
or GND 
6.0V 
±0.1 
±1.0 
±1.0 
p.A 


Current 


loz 
Maximum 
Tri-State 
Vour=VceorGND 
6.0V 
±0.5 
±5.0 
±10 
p.A 


Output 
Leakage 
Current 
GAB=VIH. 
GBA= 
VIL 
(GAB and GBA only) 


Ice 
Maximum 
Quiescent 
VIN=VeeorGND 
6.0V 
8.0 
80 
160 
p.A 


Supply Current 
10ur=0 
p.A 


Note 1: Absolute 
Maximum Ratings are those values beyond which damage to the device may occur. 
Note 2: Unless otherwise 
specified all voltages 
are referenced 
to ground. 


Note 3: Power DIssipationtemperature derating - 
plastic "N" package: -12 
mWrC from 6S·C to 6S·C; ceramic "J" package: -12 
mWrC 
from 


100·Cto 12S·C. 
Note 4: For a power supply of SV ±10% the worst case outputvoltages (VOH.and Vou occur for HC at 4.SV.Thusthe 4.SVvaluesshouldbe used when 
designingwiththissupply.WorstcaseVIHandVILoccurat Vee~ S.SVand4.SVrespectively.(TheVIHvalueat S.SVis 3.6SV.)Theworstcaseleakagecurrent(IIN. 
Ice. and loz) occurfor CMOSat the highervoltageand so the 6.0Vvaluesshouldbe used. 


AC Electrical Characteristics 
(MM54HC242/MM74HC242) 


Vcc=5V, 
TA=25°C, 
tr=tl=6 
ns 


Symbol 
Parameter 
Conditions 
Typ 
Guaranteed 
Limit 
Units 


tpHL, tpLH 
Maximum 
Propagation 
Delay 
CL =45 
pF 
12 
18 
ns 


tpZH, tPZL 
Maximum 
Output 
Enable 
RL = kO 
17 
28 
ns 


Time to Active Output 
CL =45 
pF 


tpHZ, tpHL 
Maximum 
Output 
Disable 
RL =kO 
15 
25 
ns 


Time from Active 
Output 
CL =5 
pF 


AC Electrical 
Characteristics 
MM54HC242/MM74HC242 


Vcc=2.0V 
to 6.0V, CL =50 
pF, tr=tl=6 
ns (unless 
otherwise 
specified) 


TA=25°C 
74HC 
54HC 


Symbol 
Parameter 
Conditions 
Vcc 
TA= 
-40to 
85°C 
TA=-55t0125°C 
Units 


Typ 
Guaranteed 
Limits 


tpHL, tpLH 
Maximum 
Propagation 
CL =50 
pF 
2.0V 
55 
100 
126 
149 
ns 


Delay 
CL =150 
pF 
2.0V 
80 
150 
190 
224 
ns 


CL =50pF 
4.5V 
12 
20 
25 
30 
ns 


CL =150 
pF 
4.5V 
22 
30 
38 
45 
ns 


CL =50pF 
6.0V 
11 
17 
21 
25 
ns 


CL =150 
pF 
6.0V 
18 
26 
32 
38 
ns 


tpZH, tpZL 
Maximum 
Output 
Enable 
RL =1 kO 


Time to Active 
Output 
CL =50 
pF 
2.0V 
75 
150 
189 
224 
ns 


CL=150pF 
2.0V 
100 
200 
252 
298 
ns 


CL =SOpF 
4.5V 
15 
30 
38 
45 
ns 


CL =150 
pF 
4.5V 
30 
40 
50 
60 
ns 


CL =50pF 
6.0V 
13 
26 
32 
38 
ns 


CL =150 
pF 
6.0V 
17 
34 
43 
51 
ns 


tpHZ, tpLZ 
Maximum 
Output 
Disable 
RL =1 kO 
2.0V 
75 
150 
189 
224 
ns 


Time from Active Output 
CL =50 
pF 
4.5V 
15 
30 
38 
45 
ns 


6.0V 
13 
26 
32 
38 
ns 


tTLH, tTHL 
Maximum 
Output 
2.0V 
60 
75 
90 
ns 


Rise and Fall 
4.5V 
12 
15 
18 
ns 


Time 
6.0V 
10 
13 
15 
ns 


CPO 
Power Dissipation 
(per buffer) 


Capacitance 
(Note 5) 
G=VIH, 
G=VIL 
12 
pF 


G=VIL, 
G=VIH 
50 
pF 


CIN 
Maximum 
Input Capacitance 
5 
10 
10 
10 
pF 


COUT 
Maximum 
Output Capacitance 
10 
20 
20 
20 
pF 


, 


AC Electrical Characteristics 
(MM54HC243/MM74HC243) 


Vcc=5V. 
TA=25°C. 
tr=tf=6 
ns 


Symbol 
Parameter 
Conditions 
Typ 
Guaranteed 
Limit 
Units 


tpHL. tpLH 
Maximum 
Propagation 
Delay 
CL =45 
pF 
13 
20 
ns 


tpZH. tpZL 
Maximum 
Output 
Enable 
RL=kD. 
17 
28 
ns 


Time to Active Output 
CL =45pF 


tpHZ. tpLZ 
Maximum 
Output 
Disable 
RL=kD. 
15 
25 
ns 


Time from Active Output 
CL =5 
pF 


AC Electrical 
Characteristics 
MM54HC243/MM74HC243 


Vcc=2.0V 
to 6.0V. CL =50 
pF. tr=tf=6 
ns (unless 
otherwise 
specified) 


TA=25°C 
74HC 
54HC 


Symbol 
Parameter 
Conditions 
VCC 
TA= 
-40to 
85°C 
TA= 
-55 
to 125°C 
Units 
Typ 
Guaranteed 
Limits 


tpHL. tpLH 
Maximum 
Propagation 
CL =50 
pF 
2.0V 
58 
115 
145 
171 
ns 


Delay 
CL =150 
pF 
2.0V 
88 
165 
208 
246 
ns 


CL =50pF 
4.5V 
14 
23 
29 
34 
ns 


CL =150 
pF 
4.5V 
17 
33 
42 
49 
ns 


CL =50 
pF 
6.0V 
10 
20 
25 
29 
ns 


CL =150 
pF 
6.0V 
14 
28 
35 
42 
ns 


tpZH. tpZL 
Maximum 
Output 
Enable 
RL =1 kD. 


Time to Active Output 
CL =50pF 
2.0V 
75 
150 
189 
224 
ns 


CL =150 
pF 
2.0V 
100 
200 
252 
298 
ns 


CL =50pF 
4.5V 
15 
30 
38 
45 
ns 


CL =150 
pF 
4.5V 
20 
40 
50 
60 
ns 


CL =50 
pF 
6.0V 
13 
26 
32 
38 
ns 


CL=150pF 
6.0V 
17 
34 
43 
51 
ns 


tpHZ. tpLZ 
Maximum 
Output 
Disable 
RL =1 kD. 
2.0V 
75 
150 
189 
224 
ns 


Time from Active 
Output 
CL =50 
pF 
4.5V 
15 
30 
38 
45 
ns 


6.0V 
13 
26 
32 
38 
ns 


tTLH. tTHL 
Maximum 
Output 
2.0V 
60 
75 
90 
ns 


Rise and Fall 
4.5V 
12 
15 
18 
ns 


Time 
6.0V 
10 
13 
15 
ns 


CpO 
Power Dissipation 
(per buffer) 


Capacitance 
(Note 5) 
G=VIH. 
G=VIL 
12 
pF 


G=VIL.G=VIH 
50 
pF 


CIN 
Maximum 
Input Capacitance 
5 
10 
10 
10 
pF 


COUT 
Maximum 
Output Capacitance 
, 
10 
20 
20 
20 
pF 


Note 
5: CPO determines the 
no load dynamic power consumption, ?o= CPO Vcc2 
f+ Ice 
Vcc. 
and the no load dynamic current 
consumption, 
Is~CPD Vcc f+1cc· 


Note 6: Refer to Section 1 for Typical 
MM54174HC 
AC Switching Waveforms 
and Test Circuits. 


, 


~National 
~ 
semiconductor 


General Description 


These 
TRI-STATE 
buffers 
utilize 
microCMOSTM 
Technolo- 


gy, 3.5 micron 
silicon 
gate 
P-well 
CMOS, 
and are general 


purpose 
high 
speed 
non-inverting 
buffers. 
They 
possess 


high drive current 
outputs 
which 
enable 
high speed 
opera- 


tion even 
when 
driving 
large 
bus capacitances. 
These 
cir- 


cuits achieve 
speeds 
comparable 
to low power Schottky 
de- 


vices, 
while 
retaining 
the advantage 
of CMOS 
circuitry, 
I.e., 
high noise 
immunity, 
and low power 
consumption. 
All three 


devices 
have a fanout 
of 15 LS-TIL 
equivalent 
inputs. 


The 
MM54HC244/MM74HC244 
is a 
non-inverting 
buffer 


and has two active 
low enables 
(1G and 2G). Each enable 


independently 
controls 
4 buffers. 
This device 
does not have 


Schmitt 
trigger 
inputs. 


All 
inputs 
are 
protected 
from 
damage 
due 
to 
static 
dis- 
charge 
by diodes 
to Vcc 
and Ground. 


Features 


• 
Typical 
propagation 
delay: 
12 ns 


• 
TRI-STATE 
outputs 
for connection 
to system 
buses 


• 
Wide 
power 
supply 
range: 
2-6V 


• 
Low quiescent 
supply 
current: 
80 IJoA(74 series) 


• 
Output 
current: 
6 mA 


10 
1A 1 
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1A2 
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1A3 
2Y2 
1A4 
2Y 1 
GND 


TL/F/5327 
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MM54HC244/MM74HC244 


54HC244 
(J) 
74HC244 
(J,N) 


1<3 
1A 
1Y 
2<3 
2A 
2Y 


L 
L 
L 
L 
L 
L 


L 
H 
H 
L 
H 
H 


H 
L 
Z 
H 
L 
Z 


H 
H 
Z 
H 
H 
Z 


Absolute 
Maximum Ratings 
(Notes 
1 & 2) 
Operating 
Conditions 


Supply Voltage 
(Vee) 
-0.5 
to + 7.0V 
Mln 
Max 
Units 


DC Input Voltage 
(VIN) 
-1.5 
to Vee+ 
1.5V 
Supply Voltage(Veel 
2 
6 
V 


DC Output Voltage 
(VOUT) 
-0.5 
to Vee+0.5V 
DC Input or Output Voltage 
0 
Vee 
V 


Clamp Diode Current 
(11K, 10K) 
±20mA 
(VIN,VOUT) 


DC Output Current, 
per pin (lOUT) 
±35 
mA 
Operating 
Temperature 
Range(T A) 
MM74HC 
-40 
+85 
'C 
DC Vee or GND Current, 
per pin (Ieel 
±70 
mA 
MM54HC 
-55 
+125 
'C 
Storage 
Temperature 
Range (TSTG) 
-65'Cto 
+ 150'C 
Input Rise or Fall Times 
Power Dissipation 
(PD) (Note 3) 
500mW 
(t"tf) 
Vee=2.0V 
1000 
ns 


Lead Temperature 
(TLl (Soldering 
10 seconds) 
260'C 
Vee=4.5V 
500 
ns 
Vcc=6.0V 
400 
ns 


DC Electrical 
Characteristics 
(Note 
4) 


TA=25'C 
74HC 
54HC 


Symbol 
Parameter 
Conditions 
Vcc 
TA = - 40 to 85'C 
TA = -55 
to 125'C 
Units 
Typ 
Guaranteed 
Limits 


VIH 
Minimum 
High Level 
2.0V 
1.5 
1.5 
1.5 
V 


Input Voltage 
4.5V 
3.15 
3.15 
3.15 
V 


6.0V 
4.2 
4.2 
4.2 
V 


VIL 
Maximum 
Low Level 
2.0V 
0.3 
0.3 
0.3 
V 


Input Voltage 
4.5V 
0.9 
0.9 
0.9 
V 


6.0V 
1.2 
1.2 
1.2 
V 


VOH 
Minimum 
High Level 
VIN = VIH or VIL 
Output Voltage 
liouTI,;; 
20 !LA 
2.0V 
2.0 
1.9 
1.9 
1.9 
V 


4.5V 
4.5 
4.4 
4.4 
4.4 
V 


6.0V 
6.0 
5.9 
5.9 
5.9 
V 


VIN = VIH or VIL 
V 


IloUTI ';;6.0 mA 
4.5V 
4.2 
3.98 
3.84 
3.7 
V 


IloUTI ';;7.8 mA 
6.0V 
5.7 
5.48 
5.34 
5.2 
V 


VOL 
Maximum 
Low Level 
VIN = VIH or VIL 
Output Voltage 
IloUTI ,;;20 !LA 
2.0V 
0 
0.1 
0.1 
0.1 
V 


4.5V 
0 
0.1 
0.1 
0.1 
V 


6.0V 
0 
0.1 
0.1 
0.1 
V 


VIN = VIH or VIL 
liouTI,;; 
6.0 mA 
4.5V 
0.2 
0.26 
0.33 
0.4 
V 


liouTI,;; 
7.8 mA 
6.0V 
0.2 
0.26 
0.33 
0.4 
V 


IIN 
Maximum 
Input 
VIN=VeeorGND 
6.0V 
±0.1 
±1.0 
±1.0 
!LA 
Current 


loz 
Maximum 
Trj·State 
VIN = VIH, or VIL 
6.0V 
±0.5 
±5 
±10 
!LA 
Output 
Leakage 
VOUT=Vee 
or GND 
Current 
G=VIH 


Ice 
Maximum 
Quiescent 
VIN=Vee 
or GND 
6.0V 
8.0 
80 
160 
!LA 
Supply Current 
IOUT=O 
!LA 


Note 
1: Absolute 
Maximum 
Ratings are those values beyond which damage to the device may occur. 


Note 
2: Unless otherwise 
speCifi~d all voltages are referenced 
to ground. 


Note 
3: Power 
DisSipation 
temperature 
derating 
- 
plastic 
"N" 
package: 
-12 
mwrc 
from 
65"'C 
to 85"C; 
ceramic 
"J" package: 
-12 
mWre 
from 
100'C to 12S'C. 


Note 
4: For a power supply of 5V ± 10% the worst case output voltages 
(VOH, and VoL> occur for He at 4.5V. Thus the 4.5V values should be used when 


designing with this supply. Worst case VIH and VIL occur at Vec = 5.5V and 4.5V respectively. 
(The VIH value at 5.5V is 3.85V.) The worst case leakage current (IIN, 
Ice. and loz) occur for CMOS at the higher voltage and so the 6.0V values should be used. 


AC Electrical Characteristics 
MM54HC244/MM74HC244 


Vcc=5V. 
TA=25°C. 
t,=tf=6 
ns 


Symbol 
Parameter 
Conditions 
Typ 
Guaranteed 
Units 
Limit 


tpHL. tPLH 
Maximum 
Propagation 
CL = 45 pF 
14 
20 
ns 


Delay 


tpZH. tpZL 
Maximum 
Enable 
Delay 
RL =1 kn 
17 
28 
ns 


to Active Output 
CL = 45pF 


tpHZ. tpLZ 
Maximum 
Disable 
Delay 
RL =1 kn 
15 
25 
ns 


From Active Output 
CL =5 
pF 


AC Electrical 
Characteristics 


Vcc=2.0V-6.0V. 
CL =50 
pF. tr=tf=6 
ns (unless 
otherwise 
specified) 


TA=25°C 
74HC 
54HC 


Symbol 
Parameter 
Conditions 
Vcc 
TA = - 40 to 85°C 
TA = -55 
to 125°C 
Units 
Typ 
Guaranteed 
Limits 


tpHL. tpLH 
Maximum 
Propagation 
CL =50 
pF 
2.0V 
58 
115 
145 
171 
ns 


Delay 
CL =150pF 
2.0V 
83 
165 
208 
246 
ns 


CL =50pF 
4.5V 
14 
23 
29 
34 
ns 


CL =150 
pF 
4.5V 
17 
33 
42 
49 
ns 


CL=50 
pF 
6.0V 
10 
20 
25 
29 
ns 


CL=150pF 
6.0V 
14 
28 
35 
42 
ns 


tpZH. tpZL 
Maximum 
Output 
Enable 
RL =1 kn 


CL =50 
pF 
2.0V 
75 
750 
189 
224 
ns 


CL=150pF 
2.0V 
100 
200 
252 
298 
ns 


CL =50 
pF 
4.5V 
15 
30 
38 
45 
ns 


CL =150 
pF 
4.5V 
30 
40 
50 
60 
ns 
, 


CL =50 
pF 
6.0V 
13 
26 
32 
38 
ns 


CL =150 
pF 
6.0V 
17 
34 
43 
51 
ns 


tpHZ, tpLZ 
Maximum 
Output 
Disable 
RL =1 kn 
2.0V 
75 
150 
189 
224 
ns 


Time 
CL =50 
pF 
4.5V 
15 
30 
38 
45 
ns 


6.0V 
13 
26 
32 
38 
ns 


tTLH, tTHL 
Maximum 
Output 
2.0V 
60 
75 
90 
ns 


Rise and Fall 
4.5V 
12 
15 
18 
ns 


Time 
6.0V 
10 
13 
15 
ns 


CPO 
Power Dissipation 
(per buffer) 


Capacitance 
(Note 5) 
G=VIH 
12 
pF 


G=VIL 
50 
pF 


CIN 
Maximum 
Input 
5 
10 
10 
10 
pF 


Capacitance 


COUT 
Maximum 
Output 
10 
20 
20 
20 
pF 


Capacitance 


Note 
5: CPO determines 
the 
no load 
dynamic 
power 
consumption. PO=CPD 
Vcc2 
f+lcc 
Vcc. 
and 
the 
no load 
dynamic 
current 
consumption, 


IS~CPDVCC f+1cc· 


Note 6: Refer to Section 1 for Typical MM54174HC 
AC Switching Waveforms and Test Circuits. 
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General Description 


These 
TRI-STATE 
bi-directional 
buffers 
utilize 
micro- 
CMOSTM Technology, 
3.5 micron 
silicon gate P-well CMOS, 
and are intended 
for two-way 
asynchronous 
communication 
between 
data buses. 
They 
have high drive current 
outputs 
which 
enable 
high speed operation 
even when driving 
large 
bus 
capacitances. 
This 
circuit 
possesses 
the 
low 
power 


consumption 
and 
high 
noise 
immunity 
usually 
associated 
with 
CMOS 
circuitry, 
yet 
have 
speeds 
comparable 
to low 
power 
Schottky 
TTL circuits. 


Each device 
has an active 
low enable 
input G and a direc- 


tion control 
input, 
DIR. Whiln 
DIR is high, data 
flows 
from 
the A inputs 
to the B outputs. 
When 
DIR is,low, 
data flows 


from 
the 
B inputs 
to 
the 
A 
outputs. 
The 
MM54HC2451 
MM74HC245 
transfers 
true data from one bus to the other. 


This device 
can drive up to 15 LS-TTL 
Loads, 
and does not 
have 
Schmitt 
trigger 
inputs. 
All inputs 
are protected 
from 
damage 
due 
to 
static 
discharge 
by 
diodes 
to 
Vcc 
and 
ground. 


Features 


• 
Typical 
proRagation 
delay: 
14 ns 


• 
Wide 
power 
supply 
range: 
2-6V 


• 
Low quiescent 
current: 
80 ",A maximum 
(74 HC) 


• 
Tri-State 
outputs 
for connection 
to bus oriented 
systems 


• 
High output 
drive: 6 mA (minimum) 


MM54HC245/MM74HC245 


54HC245 
(J) 
74HC245 
(J,N) 


Control 


Inputs 
Operation 
G 
CIR 


L 
.L 
B data to A bus 


L 
H 
A data to B bus 


H 
X 
Isolation 


Absolute Maximum Ratings 
(Notes 
1 & 2) 
Operating Conditions 


Supply Voltage 
(Veel 
-0.5 
to + 7.0V 
Mln 
Max 
Units 


DC Input Voltage 
DIR and G pins (VIN) 
-1.5 
to Vcc+1.5V 
Supply Voltage 
(Veel 
2 
6 
V 


DC Input/Output 
Voltage 
(VIN. VOUT) 
-0.5 
to Vee+0.5V 
DC Input or Output Voltage 


Clamp Diode Current 
(leD) 
±20mA 
(VIN.VOUT) 
0 
Vee 
V 


DC Output 
Current, 
per pin (lOUT) 
±35mA 
Operating 
Temperature 
Range (TA> 
MM74HC 
-40 
+85 
·C 
DC Vcc or GND Current. 
per pin (Ieel 
±70mA 
MM54HC 
-55 
+125 
"C 
Storage 
Temperature 
Range (TSTG) 
- 65·C to + 150·C 
Input Rise/Fall 
Times 


Power Dissipation 
(Po) (Note 3) 
500mW 
(tr• tll 
Vee=2.0V 
1000 
ns 


Lead Temperature 
(TLl (Scildering 
10 seconds) 
260·C 
Vee=4.5V 
500 
ns 


Vee=6.0V 
400 
ns 


DC Electrical Characteristics 
(Note 
4) 


, 
TA=25·C 
74HC 
54HC 


Symbol 
Parameter 
Conditions 
Vcc 
TA= 
-40to 
85·C 
TA = -55 
to 125·C 
Units 


Typ 
Guaranteed 
LimIts 


VIH 
Minimum 
High Level Input 
2.0V 
1.5 
1.5 
1.5 
V 


Voltage 
4.5V 
3.15 
3.15 
3.15 
V 


6.0V 
4.2 
4.2 
4.2 
V 


VIL 
Maximum 
Low Level Input 
2.0V 
0.3 
0.3 
0.3 
V 


Voltage 
4.5V 
0.9 
0.9 
0.9 
V 


6.0V 
1.2 
1.2 
1.2 
V 


VOH 
Minimum 
High Level Output 
VIN = VIH or VIL 


Voltage 
liouTI5:20 
",A 
2.0V 
2.0 
1.9 
1.9 
1.9 
V 


4.5V 
4.5 
4.4 
4.4 
4.4 
V 


6.0V 
6.0 
5.9 
5.9 
5.9 
V 


VIN=VIHorVIL 


floUTI 5:6.0 mA 
4.5V 
4.2 
3.98 
3.84 
3.7 
V 


liouTIQ.8mA 
6.0V 
5.7 
5.48 
5.34 
5.2 
V 


VOL 
Maximum 
Low Level Output 
VIN = VIH or VIL 


Voltage 
IIOUTI 5:20 ",A 
2.0V 
0 
0.1 
0.1 
0.1 
V 


4.5V 
0 
0.1 
0.1 
0.1 
V 


6.0V 
0 
0.1 
0.1 
0.1 
V 


VIN = VIH or VIL 


IIOUTI5:6.0 
mA 
4.5V 
0.2 
0.26 
0.33 
0.4 
V 


IIOUTI5:7.8 
mA 
6.0V 
0.2 
0.26 
0.33 
0.4 
V 


IIN 
Input Leakage 
VIN=VeetoGND 
6.0V 
±0.1 
±1.0 
±1.0 
",A 
Current 
(G and DIR) 


loz 
MaximumTri~State 
Output 
VOUT=Vee 
orGND 
6.0V 
±0.5 
±5.0 
±10 
",A 
Leakage 
Current 
G=VIH. 
VIN=VIHorVIL 


Ice 
Maximum 
Quiescent 
Supply 
VIN = Vee or GND 
6.0V 
8.0 
80 
160 
",A 
Current 
'OUT=O 
",A 


Note 1: Maximum 
Ratings are those values beyond which damage to the device may occur. 


Note 2: Unless otherwise 
specified 
all voltages are referenced 
to ground. 


Note 
3= Power 
Dissipation 
temperature 
derating 
- 
plastic 
"N" 
package: 
-12 
mwrc 
from 
65°C 
to 85°C; 
ceramic 
"J" package: 
-12 
mWrC 
from 
100"C to 12S"C. 


Note 4: For a power supply of 5V ± 10% the worst case output voltages 
(VOH, and VOU occur for He at 4.5V. Thus the 4.5V values should be used when 
designing with this supply. Worst case VIH and VIL occur at Vcc= 
5.5V and 4.5V respectively. 
(The VIH value at 5.5V is 3.85V.) The worst case leakage current (IIN. 
lee. and loz) occur for CMOS at the higher voltage and so the 6.0V values should be used. 


AC Electrical 
Characteristics 


Vcc=5V, 
TA=25'C, 
t,=tf=6 
ns 


Symbol 
Parameter 
Conditions 
Typ 
Guarllnteed 
Units 
Limit 
. 


tpHL, tpLH 
Maximum 
Propagation 
Delay 
CL = 45 pF 
13 
17 
ns 


tpZH, tPZL 
Maximum 
Output 
Enable Time 
RL = 1 kfi 
33 
42 
ns 
. 
CL = 45pF 


tpHZ, tpLZ 
Maximum 
Output 
Disable Time 
RL = 1 kfi 
32 
42 
ns 


CL = 5pF 


AC Electrical 
Characteristics 


Vcc=2.0V 
to 6.0V, CL =50 
pF. t,=tf=6 
ns (unless 
otherwise 
specified) 


TA=25'C 
74HC 
54HC 


Symbol 
Parameter 
Conditions 
Vcc 
TA = - 40 to 85'C 
TA= 
-55 
to 125'C 
Units 
Typ 
Guaranteed 
Limits 


tpHL, 
Maximum 
Propagation 
Delay 
CL = 50 pF 
2.0V 
29 
72 
88 
96 
ns 


tpLH 
CL=150pF 
2.0V 
38 
96 
116 
128 
ns 


CL = 50pF 
4.5V 
14 
18 
22 
24 
ns 


CL = 150pF 
4.5V 
18 
24 
29 
32 
ns 


CL = 50 pF 
6.0V 
14 
18 
22 
24 
ns 


CL = 150pF 
6.0V 
18 
24 
29 
32 
ns 


tpZH, 
Maximum 
Output 
Enable 
RL = 1 kfi 


tpZL 
Time 
CL = 50pF 
2.0V 
70 
184 
224 
240 
ns 


CL = 150 pF 
2.0V 
80 
216 
260 
284 
ns 


CL=50pF. 
4.5V 
35 
46 
56 
60 
ns 


CL=150pF 
4.5V 
41 
54 
65 
71 
ns 


CL = 50pF 
6.0V 
31 
41 
50 
54 
ns 


CL=150pF 
6.0V 
36 
47 
57 
62 
ns 


tpHZ, 
Maximum 
Output 
Disable 
RL = 1 kfi 
2.0V 
47 
172 
208 
224 
ns 


tpLZ 
Time 
CL = 50 pF 
4.5V 
33 
43 
52 
56 
ns 


6.0V 
31 
41 
50 
54 
ns 


tTLH, tTHL 
Output Rise and Fall Time 
2.0V 
20 
60 
75 
99 
ns 


4.5V 
6 
12 
15 
18 
ns 


6.0V 
5 
10 
13 
15 
ns 


CPO 
Power Dissipation 
G = VIL 
70 
pF 


Capacitance 
(Note 5) 
<3= 
VIH 
12 
pF 


CIN 
Maximum 
Input Capacitance 
5 
10 
10 
10 
pF. 


CIN/OUT 
Maximum 
Input/Output 
15 
20 
20 
20 
pF 
Capacitance, 
A or B 


Note 
5: CPD determines 
the 
no load 
dynamic 
power 
consumption, PO=CPD 
Vcc2 
f+lcC 
Vcc. 
and 
the 
no I~ad dynamic 
current 
consumption. 
IS-CpO 
VCC f+ICC· 


Note 6: Refer to Section 1 for Typical MM54174HC 
AC Switching Waveforms and Test Circuits. 
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MM54HC251/MM74HC251 
a-Channel TRI-STATE® Multiplexer 


General 
Description 


This a-CHANNEL 
DIGITAL 
MULTIPLEXER 
with TRI-STATE 
outputs 
utilizes 
microCMOSTM 
Technology, 
3.5 micron 
sili- 
con gate P-well CMOS. 
Along 
with the high noise 
immunity 
and low power 
consumption 
of standard 
CMOS 
integrated 
circuits, 
it possesses 
the 
ability 
to drive 
10 LS-TIL 
loads. 


The 
large 
output 
drive 
capability 
and 
TRI-STATE 
feature 
make this part ideally 
suited for interfacing 
with bus lines in 
a bus oriented 
system. 


This multiplexer 
features 
both true (V) and complement 
(W) 
outputs 
as well as a STROBE 
input. The STROBE 
must be 
at a low logic level to enable this device. 
When the STROBE 
input is high, both outputs 
are in the high impedance 
state. 
When 
enabled, 
address 
information 
on the data 
select 
in- 
puts determines 
which 
data input is routed 
to the Y and W 


'?'A National 
~ 
semiconductor 


DATA INPUTS 


5 
6 
7 


DATA SELECT 


ABC 


11 
10 
9 


MM54HC251 
/MM74HC251 


54HC251 
(J) 
74HC251 
(J,N) 


outputs. 
The 54HC174HC 
logic family 
is speed, 
function, 
as 
well as pinout compatible 
with the standard 
54LS/74LS 
log- 
ic family. All inputs are protected 
from damage 
due to static 
discharge 
by internal 
diode 
clamps 
to Vcc 
and ground. 


Features 


• 
Typical 
propagation 
delay 


Data Select 
to Y: 26 ns 


• 
Wide 
supply 
range: 
2-6V 


• 
Low 
power 
supply 
quiescent 
current: 
aD ",A 
maximum 
(74HC) 


• 
TRI-STATE 
outputs 
for interface 
to bus oriented 
systems 


Inputs 
Outputs 


Select 
Strobe 
Y 
W 
C 
B 
A 
S 


X 
X 
X 
H 
Z 
Z 


L 
L 
L 
L 
DO 
DO 


L 
L 
H 
L 
01 
01 


L 
H 
L - 
L 
02 
02 


L 
H 
H 
L 
03 
03 


H 
L 
L 
L 
04 
04 


H 
L 
H 
L 
05 
05 


H 
H 
L 
L 
06 
06 


H 
H 
H 
L 
07 
07 


H = high logic level, L = logic level 


X = irrelevant, 
Z = high impedance 
(off) 


DO, 01 ... 
07 = the level of the respective 
0 input 


Absolute 
Maximum Ratings 
(Notes 
1 & 2) 
Operating 
Conditions 


sUpply Voltage 
(Veel 
-0.5 
to +7.0V 
Mln 
Max 
Units 


DC Input Voltage 
(VIN) 
-1.5 
to Vee+ 
1.5V 
Supply Voltage(Veel 
2 
6 
V 


DC Output 
Voltage 
(VOUT) 
-0.5 
to Vee+0.5V 
DC Input or Output Voltage 
0 
Vee 
V 


Clamp Diode Current 
(11K, 10K) 
±20 
mA 
(VIN,VOUT) 


DC Output Current, 
per pin (lOUT) 
±25mA 
Operating 
Temperature 
Range(T A) 
MM74HC 
-40 
+85 
'C 
DC Vee or GND Current, 
per pin (Ieel 
±50mA 
MM54HC 
-55 
+125 
'C 
Storage 
Temperature 
Range (TSTG) 
- 65'C to + 150'C 
Input Rise or Fall Times 
Power Dissipation 
(PD) (Note 3) 
500mW 
(tr,t,) 
Vee=2.0V 
1000 
ns 


Lead Temperature 
(T L>(Soldering 
10 seconds) 
260'C 
Vee=4.5V 
500 
ns . 


} 
Vee=6.0V 
400 
ns 


.DC Electrical 
Characteristics 
(Note 
4) 


TA=25'C 
74HC 
54HC 


Symbol 
Parameter 
Conditions 
Vcc 
TA= 
-40 
to 85'C 
TA = -55 
to 125'C 
Units 
Typ 
Guaranteed 
Limits 


VIH 
Minimum 
High Level 
2.0V 
1.5 
1.5 
1.5 
V 


Input Voltage 
4.5V 
3.15 
3.15 
3.15 
V 


6.0V 
4.2 
4.2 
4.2 
V 


VIL 
Maximum 
Low Level 
2.0V 
0.3 
0.3 
0.3 
V 


Input Voltage 
4.5V 
0.9 
0.9 
0.9 
V 


6.0V 
1.2 
1.2 
1.2 
V 


VOH 
Minimum 
High Level 
VIN=VIH 
orVIL 
Output 
Voltage 
IiOUTI ,;;20 p.A 
2.0V 
2.0 
1.9 
1.9 
1.9 
V 


4.5V 
4.5 
4.4 
4.4 
4.4 
V 


6.0V 
6.0 
5.9 
5.9 
5.9 
V 


VIN = VIH or VIL 
IiOUTI ';;4.0 mA 
4.5V 
4.2 
3.98 
3.84 
3.7 
V 


IIOUTI ,;;5.2 mA 
6.0V 
5.7 
5.48 
5.34 
5.2 
V 


VOL 
Maximum 
Low Level 
VIN = VIH or VIL 
Output Voltage 
IIOUTI ,;;20 p.A 
2.0V 
0 
0.1 
0.1 
0.1 
V 


4.5V 
0 
0.1 
0.1 
0.1 
V 


6.0V 
0 
0.1 
0.1 
0.1 
V 


VIN = VIH or VIL 
IIOUTI';;4.0 
mA 
4.5V 
0.2 
0.26 
0.33 
0.4 
V 


IIOUTI ,;;5.2 mA 
6.0V 
0.2 
0.26 
0.33 
0.4 
V 


IIN 
Maximum 
Input 
VIN=VeeorGND 
6.0V 
±0.1 
±1.0 
±1.0 
p.A 


Current 


loz 
Maximum 
TRI- 
Strobe=Vee 
6.0V 
±0.5 
±5 
±10 
p.A 


ST ATE@ Leakage 
VOUT=Vee 
or GND 


Current 


Ice 
Maximum 
Quiescent 
VIN=Vee 
or GND 
6.0V 
8.0 
80 
160 
p.A 


Supply Current 
IOUT=O 
p.A 


Note 
1: Absolute 
Maximum 
Ratings are those values beyond which damage 
to the device may occur. 


Note 
2: Unless otherwise 
specified all votta;ges are referenced 
to ground. 


Note 
3: Power Dissipation temperature 
derating - 
plastic "N" 
package: 
-12 
mwrc 
from 65°C 
to 85°C; ceramic "J" 
package: 
-12 
mwrc 
from 


1QQoC to 125°C. 


Note 4: For a power supply of 5V ± 10% the worst case output voltages (VOH, and VOL) occur for He at 4.5V. Thus the 4.5V values should be used when 
designing with this supply. Worst case VIH and VIL occur at Vee= 
5.5V and 4.5V respectively. 
(The VIH value at 5.5V is 3.85V.) 
The worst case leakage 
current (IIN, 
tee, and taz) occur for CMOS 
at the higher vottage and so the 6.QV values should be used. 


AC Electrical Characteristics 
Vcc=5V. 
TA=25'C. 
CL =15 
pF, t,=tf=6 
ns 


Symbol 
Parameter 
Conditions 
Typ 
Guaranteed 
Units 
Limit 


tpHL. tpLH 
Maximum 
Propagation 
Delay 
26 
35 
ns 
A.BorCtoY 


tPHL. tpLH 
Maximum 
Propagation 
27 
35 
ns 
Delay, A. B or C to W 


tpHL. tpLH 
Maximum 
Propagation 
22 
29 
ns 
Delay. Any D to Y 


tpHL. tpLH 
Maximum 
Propagation 
24 
32 
ns 
Delay, Any D to W 


tpZH. tpZL 
Maximum 
Output 
Enable 
RL =lk 
19 
27 
ns 
Time. W Output 
CL =50 
pF 


tpZH. tpZL 
Maximum 
Output 
Enable 
RL =lk 
19 
26 
ns 
Time. Y Output 
CL =50pF 


tpHZ, tpLZ 
Maximum 
Output 
Disable Time 
RL =lk 
26 
40 
ns 
WOutput 
CL =5 
pF 


tpHZ, tpLZ 
Maximum 
Output 
Disable Time 
RL =lk 
27 
35 
ns 
YOutput 
CL =5 
pF 


AC Electrical Characteristics 
CL =50 
pF. t,=tf=6 
ns 
(unless 
otherwise 
specified) 


TA=25'C 
74HC 
54HC 


Symbol 
Parameter 
Conditions 
Vcc 
TA= 
-40 
to 85'C 
TA= 
-55 
to 125'C 
Units 
Typ 
Guaranteed 
Limits 


tpHL. tpLH 
Maximum 
Propagation 
Delay 
2.0V 
90 
205 
256 
300 
ns 
A.BorCtoY 
4.5V 
31 
41 
51 
60 
ns 
6.0V 
26 
35 
44 
51 
ns 


tpHL. tPLH 
Maximum 
Propagation 
2.0V 
95 
205 
256 
300 
ns 
Delay. A, B or C to W 
4.5V 
32 
41 
51 
60 
ns 


. 
6.0V 
27 
35 
44 
51 
ns 


tpHL. tpLH 
Maximum 
Propagation 
2.0V 
70 
195 
244 
283 
ns 
Delay. Any D to Y 
4.5V 
27 
39 
49 
57 
ns 
6.0V 
23 
33 
41 
48 
ns 


tpHL, tpLH 
Maximum 
Propagation 
2.0V 
75 
185 
231 
268 
ns 
Delay. Any D to W 
4.5V 
29 
37 
46 
54 
ns 
6.0V 
25 
32 
40 
46 
ns 


tpZH, tpZL 
Maximum 
Output 
Enable Time 
RL =lk 
2.0V 
45 
150 
188 
218 
ns 
WOutput 
4.5V 
21 
30 
38 
44 
ns 
6.0V 
18 
26 
33 
38 
ns 


tpZH. tpZL 
Maximum 
Output 
Enable Time 
RL =1k 
2.0V 
45 
145 
181 
210 
ns 
YOutput 
4.5V 
21 
29 
36 
42 
ns 
6.0V 
18 
25 
31 
36 
ns 


tpHZ. tpLZ 
Maximum 
Output 
Disable Time 
RL =lk 
2.0V 
60 
220 
275 
319 
ns 
WOutput 
4.5V 
29 
44 
55 
64 
ns 
6.0V 
25 
37 
46 
54 
ns 


tpHZ. tpLZ 
Maximum 
Output 
Disable Time 
RL =lk 
2.0V 
60 
195 
244 
283 
ns 
YOutput 
4.5V 
30 
39 
49 
57 
ns 
6.0V 
26 
33 
41 
48 
ns 


tTHL. tTLH 
Maximum 
Output 
Rise 
2.0V 
30 
75 
95 
110 
ns 
and Fall Time 
4.5V 
8 
15 
19 
22 
ns 
6.0V 
7 
13 
16 
19 
ns 


CPO 
Power Dissipation 
(per package) 
110 
pF 
Capacitance 
(Note 5) 


CIN 
Maximum 
Input 
5 
10 
10 
10 
pF 
Capacitance 


'Note 
5: CPO determines 
the no load dynamic 
power consumption, PO=CPD Vcc2 
f+ICC 
Vcc. 
and the no 
load 
dynamic 
current 
consumption, 


IS~CPDVCC f+lcc· 


Note 
6: Refer to Section 1 for Typical MM54174HC 
AC Switching Waveforms 
and Test Circuits. 


~National 
~ 
semiconductor 


MM54HC253/MM74HC253 
Dual4-Channel 
TRI-STATE® Multiplexer 


General 
Description 


The 
MM54HC253/MM74HC253 
utilizes 
microCMOSTM 


Technology, 
3.5 
micron 
silicon 
gate 
P-well 
CMOS, 
to 


aChieve the low power consumption 
and high noise immuni- 
ty of standard 
CMOS 
integrated 
circuits, 
along with the ca- 
pability 
to drive 10 LS-TTL 
loads. The large output 
drive and 


TRI-STATE 
features 
of this device 
make it ideally 
suited 
for 


interfacing 
with 
bus lines 
in bus organized 
systems. 
When 


the output 
control 
input 
is taken 
high, the 
multiplexer 
out- 


puts are sent into a high impedance 
state. 


When 
the output 
control 
is held low, the associated 
multi- 


plexer 
chooses 
the corr,ect output 
channel 
for the given 
in- 
put signals 
determined 
by the select 
A and B inputs. 


The 54HC174HC 
logic family is functionally 
and pinout com- 


patible 
with the standard 
54LS174LS 
logic family. 
All inpu1s 


are protected 
from damage 
due to static discharge 
by inter- 


nal diode clamps 
to Vcc 
and ground. 


Features 


• 
Typical 
propagation 
delay: 
24 ns 


• 
Wide 
power 
supply 
range: 
2V-6V 


• 
Low quiescent 
current: 
60 ",A maximum 
(74HC 
series) 


I!I Low input current: 
1 ",A maximum 


• 
Fanout 
of 10 LS-TTL 
loads 


MM54HC253/MM74HC253 


54HC253 
(J) 
74HC253 
(J,N) 


Select 
Data Inputs 
Output 
Output 
Inputs 
Control 
B 
A 
CO 
C1 
C2 
C3 
G 
Y 


X 
X 
X 
X 
X 
X 
H 
Z 
L 
L 
L 
X 
X 
X 
L 
L 
L 
L 
H 
X 
X 
X 
L 
H 
L 
H 
X 
L 
X 
X 
L 
L 
L 
H 
X 
H 
X 
X 
L 
H 
H 
L 
X 
X 
L 
X 
L 
L 
H 
L 
X 
X 
H 
X 
L 
H 
H 
H 
X 
X 
X 
L 
L 
L 
H 
H 
X 
X 
X 
H 
L 
H 


Select inputs A and B are common to both sections. 


H = high level, L = low level, X = irrelevant, 
Z = high Impedance 
(off). 


Absolute 
Maximum Ratings 
(Notes 
1 & 2) 
Operating 
Conditions 


Supply Voltage 
(Vee) 
-0.5 
to +7.0V 
Mln 
Max 
Units 


DC Input Voltage 
(VIN) 
-1.5toVee+1.5V 
Supply Voltage(Vee) 
2 
6 
V 


DC Output Voltage 
(VOUT) 
-0.5 
to Vcc + 0.5V 
DC Input or Output Voltage 
0 
Vee 
V 


Clamp Diode Current 
(11K,10K> 
±20mA 
(VIN,VOUT) 


DC Output 
Current, 
per pin (lOUT) 
±25mA 
Operating 
Temperature 
Range(T A> 
MM74HC 
-40 
+85 
'C 
DC Vee or GND Current, 
per pin (Icel 
±50mA 
MM54HC 
-55 
+125 
'C 
Storage 
Temperature 
Range (TSTG) 
-65'Cto 
+ 150'C 
Input Rise or Fall Times 
Power Dissipation 
(Po) (Note 3) 
500mW 
(lr, tt> 
Vee=2.0V 
1000 
ns 


Lead Temperature 
(TU (Soldering 
10 seconds) 
26O'C 
Vee=4.5V 
500 
ns 
Vee=6.0V 
400 
ns 


DC Electrical 
Characteristics 
(Note 
4) 


TA=25'C 
74HC 
54HC 


Symbol 
Parameter 
Conditions 
Vcc 
TA= 
-40 
to 85'C 
TA = -55 
to 125'C 
Units 
Typ 
Guaranteed 
Limits 


VIH 
Minimum 
High Level 
2.0V 
1.5 
1.5 
1.5 
V 


Input Voltage 
4.5V 
3.15 
3.15 
3.15 
V 


6.0V 
4.2 
4.2 
4.2 
V 


VIL 
Maximum 
Low Level 
2.0V 
0.3 
0.3 
0.3 
V 


Input Voltage 
4.5V 
0.9 
0.9 
0.9 
V 


6.0V 
1.2 
1.2 
1.2 
V 


VOH 
Minimum 
High Level 
VIN = VIH or VIL 
Output Voltage 
IIOUTI s:20 ",A 
2.0V 
2.0 
1.9 
1.9 
1.9 
V 


4.5V 
4.5 
4.4 
4.4 
4.4 
V 


6.0V 
6.0 
5.9 
5.9 
5.9 
V 


VIN=VIHorVIL 


IIOUTI S:4.0 mA 
4.5V 
4.2 
3.98 
3.84 
3.7 
V 


IIOUTI s:5.2 mA 
6.0V 
5.7 
5.48 
5.34 
5.2 
V 


VOL 
Maximum 
Low Level 
VIN = VIH or VIL 
Output Voltage 
IIOUTI s:20 ",A 
2.0V 
0 
0.1 
0.1 
0.1 
V 


4.5V 
0 
0.1 
0.1 
0.1 
V 


6.0V 
0 
0.1 
0.1 
0.1 
V 


VIN = VIH or VIL 


IIOUTIS:4.0 mA 
4.5V 
0.2 
0.26 
0.33 
0.4 
V 


IIOUTIS:5.2 mA 
6.0V 
0.2 
0.26 
0.33 
0.4 
V 


IIN 
Maximum 
Input 
VIN=Vee 
or GND 
6.0V 
±0.1 
±1.0 
±1.0 
",A 
Current 


loz 
Maximum 
TRI-STATE 
Strobe = Vee 
6.0V 
±0.5 
±5.0 
±10 
",A 
Output 
Leakage 
VOUT=VeeorGND 
Current 


lee 
Maximum 
Quiescent 
VIN = Vee or GND 
6.0V 
8.0 
80 
160 
",A 
Supply Current 
10UT=0",A 


Not. 
1: Absolute 
Maximum 
Ratings are those values beyond which damage to the device may occur. 


Not. 
2: Unless otherwise 
specified all voltages 
are referenced 
to groond. 


Not. 
3: Power 
Dissipation 
temperature 
derating 
- 
plastlc 
"N" 
package: 
-12 
mWrC 
from 
65'C 
to 85'C; 
ceramic "J" package: 
-12 
mWrC 
from 
100'C to 125'C. 


Not. 
4: For a power supply of 5V ±10% 
the worst case output voltages 
(VOH. and You 
occur for HC at4.5V. 
Thus the 4.5V values should be used when 
designing with this supply. Worst case V,H and V,L occur at Vee=5.5V 
and 4.5V respectively. 
(The V,H value at5.5V 
Is 3.85V.) The worst case leakage current (I'N. 
Ice. and lov 
occur for CMOS at the higher voltage and so the 6.0V values should be used. 


AC Electrical 
Characteristics 
Vcc=5V, 
TA=25'C, 
t,=tf=6 
ns, CL =15 
pF 


Symbol 
Parameter 
Conditions 
Typ 
Guaranteed 
Umlt 
Units 


tpHL, tpLH 
Maximum 
Propagation 
24 
30 
ns 
Delay, Select 
A or B to Y 


tpHL, tpLH 
Maximum 
Propagation 
18 
23 
ns 
Delay, any Data to Y 


tpZH, tpZL 
Maximum 
Output 
Enable Time 
RL =1k 
13 
18 
ns 
Y Output to a Logic Level 


tpHZ, tpLZ 
Maximum 
Output 
Disable Time 
RL =1k 
18 
27 
ns 
Y Output to High Impedance 
State 


AC Electrical 
Characteristics 
CL =50 
pF, tr=tf=6 
ns 
(unless 
otherwise 
specified) 


TA=25'C 
74HC 
54HC 


Symbol 
Parameter 
Conditions 
Vcc 
TA= 
-40 
to 85'C 
TA= 
-55 
to 125'C 
Units 
Typ 
Guaranteed 
Limits 


tpHL, tpLH 
Maximum 
Propagation 
2.0V 
131 
158 
198 
237 
ns 
Delay, Select A or B to Y 
4.5V 
29 
35 
44 
53 
ns 
6.0V 
24 
30 
38 
45 
ns 


tpHL, tpLH 
Maximum 
Propagation 
2.0V 
99 
126 
158 
189 
ns 
Delay, any Data to Y 
4.5V 
22 
28 
35 
42 
ns 
6.0V 
19 
23 
29 
35 
ns 


tpZH, tpZL 
Maximum 
Output 
Enable Time 
RL =1 kfi 
2.0V 
63 
90 
113 
135 
ns 
4.5V 
14 
20 
25 
30 
ns 
6.0V 
12 
17 
21 
26 
ns 


tpHZ, tpLZ 
Maximum 
Output 
Disable Time 
RL =1 kfi 
2.0V 
90 
135 
169 
203 
ns 
4.5V 
20 
30 
38 
45 
ns 
6.0V 
17 
25 
31 
38 
ns 


tTHL, tTLH 
Maximum 
Output 
Rise 
2.0V 
30 
75 
95 
110 
ns 
and Fall Time 
4.5V 
8 
15 
19 
22 
ns 
6.0V 
7 
13 
16 
19 
ns 


CIN 
Maximum 
Input Capacitance 
5 
10 
10 
10 
pF 


CPO 
Power Dissipation 
(per package) 
Capacitance 
(Note 5) 
Outputs 
Enabled 
90 
pF 
Outputs 
Disabled 
25 
pF 


Note 5: Cpo determines lI1e no load dynamic power consumption. Po=Cpo 
Vcc2 f+lcc 
Vcc. and lI1e no load dynamic current consumption, 
IS-Cpo Vcc 1+Ice. 
Note 6: Refer to Section1 for TypicalMM54174HCAC SW~cI1ingWaveformsandTest Circuits. 
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TL/F/5108-2 


'?'A National 
. 


~ 
semiconductor 


MM54HC257/MM74HC257 
Quad 2-Channel TRI-STATE® Multiplexer 


General 
Description 


This QUAD 2-TO-1 LINE DATA SELECTOR/MULTIPLEXER 
utilizes 
microCMOSTM 
Technology, 
3.5 micron 
silicon 
gate 


P-well CMOS. 
Along 
with the high noise 
immunity 
and low 


power 
dissipation 
of standard 
CMOS 
integrated 
circuits, 
it 


possesses 
the ability 
to drive 
LS-TIL 
loads. The large out- 


put 
drive 
capability 
coupled 
with 
the 
TRI-STATE 
feature 


make this device 
ideal for interlacing 
with bus lines in a bus 


organized 
system. 
When the OUTPUT 
CONTROL 
input line 


is taken 
high, the outputs 
of all four 
multiplexers 
are sent 


into a high impedance"state. 
When the OUTPUT 
CONTROL 


line is low, the SELECT 
input chooses 
whether 
the A or B 


input is used. 


The 54HC/74HC 
logic family is speed, 
function, 
and pin-out 


compatible 
with 
the 
standard 
54LS/74LS 
logic 
family. 
All 
inputs are protected 
from damage 
due to static discharge 
by 


internal 
diode clamps 
to Vcc 
and ground. 


Features 


• 
Typical 
propagation 
delay: 
12 ns 


• 
Wide 
power 
supply 
range: 
2V-6V 


• 
Low quiescent 
current: 
80 ",A maximum 
(74HC 
series) 


• 
TRI·STATE 
outputs 
for connection 
to system 
buses. 


OUTPUT(15) 
CONTROl(2) 
1A 


18 
(3) 


2A 
(5) 


28 
(6) 


3A 
(11) 


38 
(10) 


4A 
(14) 


48 
(13) 


INPUTS 
INPUTS 
OUTPUT 
--. 
OUTPUT 
OUTPUT 


Yee 
CONTROL 
4A 
48 
4Y 
3A 
38 
3Y 


SELECT 
lA 
18 
lY 
2A 
'28 
2Y 
DNo 


OUTPUT 
-.- 
OUTPUT 
INPUTS 
INPUTS 


Tl/F/5329-' 
MM54HC257/MM74HC257 


54HC257 (J) 
74HC257 (J,N) 


Inputs 


Output 
select 
A 
B 
OutputY 
Control 


H 
X 
X 
X 
Z 
L 
L 
L 
X 
L 


L 
L 
H 
X 
H 


L 
H 
X 
L 
L 


L 
H 
X 
H 
H 


Absolute Maximum Ratings 
(Notes 
1 & 2) 
Operating Conditions 


Supply Voltage 
(Vee) 
-0.5 
to + 7.0V 
Mln 
Max 
Units 


DC Input Voltage 
(VIN) 
-1.5toVee+1.5V 
Supply Voltage(Vecl 
2 
6 
V 


DC Output Voltage 
(Vour) 
-0.5 
to Vee+ 
0.5V 
DC Input or Output Voltage 
0 
Vee 
V 


Clamp Diode Current 
(11K. 10K) 
±20mA 
(VIN.Vour) 


DC Output Current. 
per pin (lour) 
±35mA 
Operating 
Temperature 
Range(T Al 
MM74HC 
-40 
+85 
·C 
DC Vee or GND Current. 
per pin (lee) 
±70mA 
MM54HC 
-55 
+125 
·C 
Storage 
Temperature 
Range (TsrG) 
-65·Cto 
+ 150·C 
Input Rise or Fall Times 
Power Dissipation 
(Po) (Note 3) 
500mW 
(t.-.tf) 
Vee=2.0V 
1000 
ns 


Lead Temperature 
(T Ll (Soldering 
10 seconds) 
2600C 
Vce=4.5V 
500 
ns 


Vee=6.0V 
400 
ns 


DC Electrical Characteristics 
(Note 
4) 


TA=25·C 
74HC 
54HC 


Symbol 
Parameter 
Conditions 
Vcc 
TA= 
-40 
to 85·C 
TA = -55 
to 125·C 
Units 


Typ 
Guaranteed 
Limits 


VIH 
Minimum 
High Level 
2.0V 
1.5 
1.5 
1.5 
V 


Input Voltage 
4.5V 
3.15 
3.15 
3.15 
V 


6.0V 
4.2 
4.2 
4.2 
V 


VIL 
Maximum 
Low Level 
2.0V 
0.3 
0.3 
0.3 
V 


Input Voltage 
4.5V 
0.9 
0.9 
0.9 
V 


6.0V 
1.2 
1.2 
1.2 
V 


VOH 
Minimum 
High Level 
VIN=VIH 
or VIL 


Output Voltage 
Ilourls;20 
,."A 
2.0V 
2.0 
1.9 
1.9 
1.9 
V 


4.5V 
4.5 
4.4 
4.4 
4.4 
V 


6.0V 
6.0 
5.9 
5.9 
5.9 
V 


VIN = VIH or VIL 


Ilourls;6.0 
mA 
4.5V 
4.2 
3.98 
3.84 
3.7 
V 


Ilourls;7.8 
mA 
6.0V 
5.7 
5.48 
5.34 
5.2 
V 


VOL 
Maximum 
Low Level 
VIN = VIH or VIL 


Output Voltage 
Ilourls;20 
,."A 
2.0V 
0 
0.1 
0.1 
0.1 
V' 


4.5V 
0 
0.1 
0.1 
0.1 
V 


6.0V 
0 
0.1 
0.1 
0.1 
V 


VIN = VIH or VIL 


Iiourl 
s;6.0 mA 
4.5V 
0.2 
0.26 
0.33 
0.4 
V 


Ilourls;7.8 
mA 
6.0V 
0.2 
0.26 
0.33 
0.4 
V 


IIN 
Maximum 
Input 
VIN = Vce or GND 
6.0V 
±0.1 
±1.0 
±1.0 
,."A 
Current 


loz 
Maximum 
Tri-State 
Vour=VeeorGND 
6.0V 
±0.5 
±5.0 
±10 
,."A 
Output 
Leakage 
OC=VIH 


Ice 
Maximum 
Quiescent 
VIN=VccorGND 
6.0V 
8.0 
80 
160 
,."A 
Supply Current 
lour=O 
,."A 


Note 
1: Absolute 
Maximum 
Ratings are those values beyond which damage to the device may occur. 


Note 
2: Unless otherwise 
specified 
all voltages are referenced 
to ground. 


Note 
3: Power Dissipation temperature 
derating - 
plastic "N" 
package: 
-12 
mwrc 
from 65"C to 85°C; ceramic 
"J" 
package: 
-12 mwrc 
from 
100'C to 125'C. 


Note 
4: For a power supply of 5V ± 10% the worst case output voltages 
(VOH. and VOU occur for HC at 4.5V. Thus the 4.5V values should be used when 
designing with this supply. Worst case VIH and VIL occur at Vcc= 
5.5V and 4.5V respectively. 
(The V,H value at 5.5V is 3.85V.) The worst case leakage current (IIN. 


Ice. and lozJ occur for CMOS at the higher voltage and so the 6.0V values should be used. 


AC Electrical Characteristics 


Vcc=5V. 
TA=25'C, 
tr=tf=6 
ns 


Parameter 
Conditions 
Typ 
Guaranteed 
Units 
Symbol 
Limit 


tpHL, tpLH 
Maximum 
Propagation 
CL =45pF 
12 
18 
ns 


Delay, Select to any Y Output 


tpHL. tpLH 
Maximum 
Propagation 
CL =50 
pF 
13 
21 
ns 


Delay, A or B to any Y Output 


!PZH. tpZL 
Maximum 
Output 
Enable 
RL =1 kO 
17 
28 
ns 


TIme. any Y Output to a Logic Level 
CL =45 
pF 


tpHZ, tpLZ 
Maximum 
Output 
Disable 
RL =1 kO 
15 
25 
ns 


Time. any Y Output to a High Impedance 
State 
CL =5pF 


AC Electrical 
Characteristics 


Vcc=2.0V 
to 6.0V, CL =50 
pF, t,=tf=6 
ns (unless 
otherwise 
specified) 


'I"A=25'C 
74HC 
54HC 


Symbol 
Parameter 
Conditions 
Vcc 
TA= 
-40to 
85'C 
TA = -55 
to 125'C 
Units 
Typ 
Guaranteed 
Limits 


tpHL, tpLH 
Maximum 
Propagation 
CL =50pF 
2.0V 
50 
100 
125 
150 
ns 


Delay, Select to any 
CL =150 
pF 
2.0V 
70 
150 
189 
224 
ns 


YOutput 
CL =50 
pF 
4.5V 
10 
20 
25 
30 
ns 


CL =150pF 
4.5V 
15 
30 
38 
45 
ns 


CL =50 
pF 
6.0V 
9 
17 
21 
25 
ns 


CL =150 
pF 
6.0V 
13 
26 
32 
38 
ns 


tpHL, tpLH 
Maximum 
Propagation 
CL =50 
pF 
2.0V 
50 
110 
137 
165 
ns 


Delay, A or B to any 
CL =150 
pF 
2.0V 
70 
160 
200 
240 
ns 


YOutput 
CL =50 
pF 
4.5V 
12 
22 
28 
33 
ns 


CL =150 
pF 
4.5V 
20 
32 
40 
48 
ns 


CL =50 
pF 
6.0V 
10 
19 
24 
33 
ns 


CL =150 
pF 
6.0V 
17 
27 
34 
41 
ns 


tPZH. tpZL 
Maximum 
Output 
Enable 
RL =1 kO 


Any Y Output to a Logic Level 
CL =50pF 
2.0V 
75' 
150 
189 
224 
ns 


CL =150 
pF 
2.0V 
100 
200 
252 
298 
ns 


CL =50 
pF 
4.5V 
15 
30 
38 
45 
ns 


CL =150 
pF 
4.5V 
20 
40 
50 
60 
ns 


CL =50pF 
6.0V 
13 
26 
32 
38 
ns 


CL =150 
pF 
6.0V 
17 
34 
43 
51 
ns 


tpHZ, tpLZ 
Maximum 
Output 
Disable 
FlL =1 kO 
2.0V 
75 
150 
189 
224 
ns 


Time, any Y Output to a High 
CL =50 
pF 
4.5V 
15 
30 
38 
45 
ns 


Inpedance 
State 
6.0V 
13 
26 
32 
38 
ns 


tTHL, tTLH 
Maximum 
Output 
Rise 
CL =50 
pF 
2.0V 
60 
75 
90 
ns 


and Fall Time 
4.5V 
12 
15 
18 
ns 


6.0V 
10 
13 
15 
ns 


CPO 
Power Dissipation 
(permux) 


Capacitance 
(Note 5) 
Enable 
30 
pF 


Disabled 
8 
pF 


CIN 
Maximum 
Input 
5 
10 
10 
10 
pF 


Capacitance 


Note 
5: CPO determines 
the no 
load dynamic 
power 
consumption. 
PO=CPD 
Vcc2 
f+lcc 
Vcc. 
and the 
no load 
dynamic 
current 
consumption, 
IS=CPD Vcc f+1cc· 


Note 6: Refer to Section 1 for Typical 
MM54/74HC 
AC Swttchlng Waveforms 
and Test Circuits. 


~National 
~ 
semiconductor, 


MM54HC259/MM74HC259 
8-Bit Addressable 
Latch/3-to-8 
Line Decoder 


General 
Description 
This device utilizes microCMOSTMTechnology, 3.5 micron 
silicon gate P-well CMOS, to implement an 8-bit addressa- 
ble latch, designed for general purpose storage applications 
in digital systems. 


The MM54HC259/MM74HC259 has a single data input (D), 
8 latch outputs (01-08), 
3 address inputs (A, B, and C), a 


common enable input (E), and a common CLEAR input. To 
operate this device as an addressable latch, data is held on 
the D input, and the address of the latch into which the data 
is to be entered is held on the A, B, and C inputs. When 
ENABLE is taken low the data flows through to the ad- 
dressed output. The data is stored when ENABLE tran- 
sitions from low to high. All unaddressed latches will remain 
unaffected. With enable in the high state the device is dese- 
lected, and all latches remain in their previous state, unaf- 
fected by changes on the data or address inputs. To elimi- 
nate the possibility of entering erroneous data into the latch- 
es, the enable should be held high (inactive) while the ad- 
dress lines are changing. 


If enable is held high and CLEAR is taken low all eight latch- 
es are cleared to a low state. If enable is low all latches 
except the addressed latch will be cleared. The addressed 
latch will instead follow the D input, effectively implementing 
a 3-to-8 line decoder. 
All inputs are protected from damage due to static dis- 
charge by diodes to Vcc and ground. 


Features 
• .Typical propagation delay: 18 ns 
• 
Wide supply range: 2-6V 
• 
Low input current: 1 /LA maximum 
• 
Low quiescent current: 80 /LA maximum (74HC series) 


TLIF/5006- 1 
MM54HC259/MM74HC259 


54HC259 
(J) 
74HC259 
(J,N) 


Inputs 
Outputs 
of 
Each 
Addressed 
Other 
Function 


Clear 
G 
Latch 
Output 


H 
L 
D 
010 
Addressable Latch 


H 
H 
010 
010 
Memory 


L 
L 
D 
L 
8-Line Decoder 


L 
H 
L 
L 
Clear 


Select 
Inputs 
Latch 


C 
B 
A 
Addressed 


L 
L 
L 
0 
L 
L 
H 
1 
L 
H 
L 
2 
L 
H 
H 
3 
H 
L 
L 
4 
H 
L 
H 
5 
H 
H 
L 
6 
H 
H 
H 
7 


H = high level. L = low level 
o = the level at the data input 


QIOthe level of QI (i ~ O. , ... 
7. as appro- 


piate) before the indicated steady-state in- 
put conditions 
were established. 


Absolute Maximum Ratings 
(Notes 1 & 2) 
Operating Conditions 


Supply Voltage (Vce) 
-0.5 
to +7.0V 
Mln 
Max 
Units 


DC Input Voltage (V,N) 
-1.5toVce+1.5V 
Supply Voltage(Vce) 
2 
6 
V 


DC Output Voltage (VOUT) 
-0.5 
to Vce+0.5V 
DC Input or Output Voltage 
O· 
Vee 
V 


Clamp Diode Current (11K, 10K> 
±20mA 
(V,N,VOUT) 


DC Output Current. per pin (lOUT) 
±25mA 
Operating Temperature 
Range (TN 
MM74HC 
-40 
+65 
'C 
DC Vce or GND Current, per pin (Ice) 
±50mA 
MM54HC 
-55 
+125 
'C 
Storage Temperature 
Range (T8TG) 
-65'Cto 
+150'C 
Input Rise or Fall Times 
Power Dissipation (Po) (Note 3) 
500mW 
(t,..tf) 
Vce=2.0V 
1000 
ns 


Lead Temperature 
(TU (Soldering 10 seconds) 
260'C 
Vce=4.5V 
500 
ns 
Vee=6.0V 
400 
ns 


DC Electrical Characteristics 
(Note 4) 


TA=2S'C 
74HC 
S4HC 


Symbol 
Parameter 
Conditions 
Vcc 
TA= -40 
to 8S'C 
TA= -SSt012S'C 
Units 
Typ 
Guaranteed 
Umlts 


V,H 
Minimum High Level 
2.0V 
1.5 
1.5 
1.5 
V 
Input Voltage 
4.5V 
3.15 
3.15 
3.15 
V 
6.0V 
4.2 
4.2 
4.2 
V 


V,L 
Maximum Low Level 
2.0V 
0.3 
0.3 
0.3 
V 
Input Voltage 
4.5V 
0.9 
0.9 
0.9 
V 
6.0V 
1.2 
1.2 
1.2 
V 


VOH 
Minimum High Level 
V,N=VIHorVIL 
Output Voltage 
IIOUTIs:20 ,..A 
2.0V 
2.0 
1.9 
1.9 
1.9 
V 
4.5V 
4.5 
4.4 
4.4 
4.4 
V 
6.0V 
6.0 
5.9 
5.9 
5.9 
V 


VIN= V,H or VIL 
IIOUTIS:4.0 mA 
4.5V 
4.2 
3.96 
3.64 
3.7 
V 
IIOUTIS:5.2 mA 
6.0V 
5.7 
5.46 
5.34 
5.2 
V 


VOL 
Maximum Low Level 
VIN=VIH orVIL 
Output Voltage 
IIOUTIS:20 ,..A 
2.0V 
0 
0.1 
0.1 
0.1 
V 
4.5V 
0 
0.1 
0.1 
0.1 
V 
6.0V 
0 
0.1 
0.1 
0.1 
V. 


VIN=V,HorVIL 
IIOUTIS:4.0 mA 
4.5V 
0.2 
0.26 
0.33 
. 0.4 
V 
IIOUTIS:5.2 mA 
6.0V 
0.2 
0.26 
0.33 
0.4 
V 


IIN 
Maximum Input 
VIN = Vce or GND 
6.0V 
±0.1 
±1.0 
±1.0 
,..A 
Current 


'ce 
Maximum Quiescent 
VIN= Vce or GND 
6.0V 
6.0 
60 
160 
,..A 
Supply Current 
'OUT=O,..A 


Note 1: AbsoluteMaximumRatingsarethosevaluasbeyondwI1lc11 
damageto thedevicemayoccur. 


Note 2: Unless otherwise 
specified 
all voltages are referenced 
to ground. 
Note 3: PowerDissipationtemperaturederating- 
plastic "N" package:-12 mWrC from 65'e to 85'C; ceramic"J" package:-12 mWrC from 
100'Cto 125·C. 
Note 4: Fora powersupplyof 5V ±10%the worstcaseoutputvollages(VOH.andYou occurfor HC at4.5V.Thusthe 4.5V valuesshouldbe usadwhen 
designingw~hthiss""ply. WorstcaseV,HandV,LoccuratVee= 5.5V and4.5V respectively.(TheV,Hvalueat5.5Vis3.85V.) Theworstcaseleakagecurrent(I,N. 
Ice.andlov occurfor CMOSat thehighervoltageandsothe6.0Vvaluesshouldbeused. 


. 


AC Electrical 
Characteristics 


(Vcc=5.0V. 
TA=25'C. 
tr=tf=6 
ns. CL =15 
pF unless 
otherwise 
specified.) 


Symbol 
Parameter 
Conditions 
Typ 
Guaranteed 
Units 
Limit 


tpHL. tpLH 
Maximum 
Propagation 
Delay 
18 
32 ' 
ns 


Data to Output 


tpHL. IpLH 
Maximum 
Propagation 
Delay 
20 
38 
ns 


Select to Output 


IpHL. tpLH 
Maximum 
Propagation 
Delay 
20 
35 
ns 
Enable to Output 


IpHL 
Maximum 
Propagation 
Delay 
17 
27 
ns 


Clear to Output 


tw 
Minimum 
Enable 
Pulse Width 
10 
16 
ns 


tw 
Minimum 
Clear Pulse Width 
10 
16 
ns 


1,. tf 
Maximum 
Input Rise and Fall Time 
500 
ns 


Is 
Minimum 
Setup Time Select or 
15 
20 
ns 


Data to Enable 


tH 
Minimum 
Hold Time Data or 
-2 
0 
ns 


Address 
to Enable 


TA=25'C 
74HC 
54HC 


Symbol 
Parameter 
Conditions 
Vcc 
TA= 
-40 
to 85'C 
TA= 
-55 
to 125'C 
Units 


Typ 
Guaranteed 
Limits 


IpHL. tpLH 
Maximum 
Propagation 
Delay 
2.0V 
60 
180 
225 
250 
ns 
Data to Output 
4.5V 
19 
37 
46 
52 
ns 


6.0V 
17 
32 
40 
45 
ns 


tpHL. tpLH 
Maximum 
Propagation 
Delay 
2.0V 
72 
220 
275 
310 
ns 
Select to Output 
4.5V 
21 
43 
54 
60 
ns 


6.0V 
18 
37 
46 
52 
ns 


IpHL. tpLH 
Maximum 
Propagation 
Delay 
2.0V 
65 
200 
250 
280 
ns 
Enable to Output 
4.5V 
27 
40 
50 
58 
ns 


6.0V 
23 
35 
44 
50 
ns 


tpHL 
Maximum 
Propagation 
Delay 
2.0V 
50 
150 
190 
210 
ns 
Clear to Output 
4.5V 
18 
31 
39 
44 
ns 


6.0V 
16 
26 
·32 
37 
ns 


tw 
Minimum 
Pulse Width 
2.0V 
80 
100 
120 
ns 
Clear or Enable 
4.5V 
16 
20 
24 
ns 


6.0V 
14 
18 
20 
ns 


Is 
Minimum 
Setup Time Address 
2.0V 
100 
125 
150 
ns 
or Data to Enable 
4.5V 
20 
25 
28 
ns 


6.0V 
15 
19 
25 
ns 


tH 
Minimum 
Hold Time Address 
or 
2.0V 
-10 
0 
0 
0 
ns 
Data to Enable 
4.5V 
-2 
0 
0 
0 
ns 


6.0V 
-2 
0 
0 
0 
ns 


tTLH. tTHL 
Maximum 
Output 
Rise 
2.0V 
30 
75 
95 
110 
ns 
and Fall Time 
4.5V 
8 
15 
19 
22 
ns 


6.0V 
7 
13 
16 
19 
ns 


CIN 
Input Capacitance 
5 
10 
10 
10 
pF 


CPO 
Power Dissipation 
(per package) 
80 
pF 
Capacitance 
(Note 5) 


Not. 
5: Cpo determines the no !oed dynamic power consumption.Po= Cpo Vcc2 l+ Icc Vcc. and the no load dynamic current consumption. 
Is- Cpo Vcc l+ Icc· 
Not.': 
Referto Section1for TypicalMM54174HCAC SW~chlngWaveformsandTest Clrcu~. 


Q) 
II) 
Logic Diagram 
N0J: 
~ 
MM54HC259/MM74HC259 
I'- 
:E 
:E 
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•...... 
Q) 
II) 
N0 
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a 
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~National 
~ 
semiconductor 


MM54HC266/MM74HC266 
Quad 2-lnput 
Exclusive NOR Gate 


General Description 


This exclusive 
NOR gate utilizies 
microCMOSTM 
Technolo- 


gy, 3.5 micron 
silicon 
gate P-well CMOS, 
to achieve 
operat- 


ing speeds 
similar 
to equivalent 
LS-TIL 
gates 
while 
main- 
taining 
the low power consumption 
and high noise immunity 


characteristic 
of standard 
CMOS 
integrated 
circuits. 
These 


gates 
are fully 
buffered 
and 
have 
a fanout 
of 10 LS-TIL 


loads. The MM54HC/MM74HC 
logic family is functionally 
as 


well 
as pin out 
compatible 
with 
the 
standard 
54LS/74LS 


logic family. 
However, 
unlike 
the 'LS266 
which 
is an open 


collector 
gate 
the 
'HC266 
has 
standard 
CMOS 
push-pull 


outputs. 
All inputs 
are protected 
from damage 
due to static 


discharge 
by internal 
diode clamps 
to Vcc 
and ground. 


Features 


• 
Typical 
propagation 
delay: 
9 ns 


• 
Wide 
operating 
voltage 
range: 
2-6V 


• 
Low input current: 
1 /-LA maximum 


• 
Low quiescent 
current: 
20 /-LA maximum 
(74 series) 


• 
Output 
drive capability: 
10 LS-TIL 
loads 


• 
Push-pull 
output 


OND 


TLIF/5330-1 
MM54HC266/MM74HC266 


54HC266 (J) 
74HC266 (J,N) 


Inputs 
Outputs 


A 
B 
Y 


L 
L 
H 


L 
H 
L 


H 
L 
L 


H 
H 
H 


Absolute Maximl:lm Ratings 
(Notes 
1 & 2) 
Operating Conditions 


Supply Voltage 
(Vee) 
-0.5 
to + 7.0V 
Mln 
Max 
Units 


DC Input Voltage 
(VIN) 
-1.5 
to Vce+1.5V 
Supply Voltage 
(Vee) 
2 
6 
V 


DC Output Voltage 
(Vour) 
-0.5 
to Vce+0.5V 
DC Input or Output Voltage 
0 
Vee 
V 


Clamp 
Diode Current 
(11K. 10K) 
±20mA 
(VIN.Vour) 


DC Output Current, 
per pin (lour) 
±25mA 
Operating 
Temperature 
Range (TA) 
MM74HC 
-40 
+85 
·C 
DC Vee or GND Current, 
per pin (Ice) 
±50mA 
MM54HC 
-55 
+125 
·C 


Storage 
Temperature 
Range (TsrG) 
-65·Cto 
+ 150·C 
Input Rise or Fall Times 


Power Dissipation 
(Po) (Note 3) 
500mW 
(tr,tf) 
Vee=2.0V 
1000 
ns 


lead 
Temperature 
(TLl (Soldering 
10 seconds) 
260·C 
Vee=4.5V 
500 
ns 


Vce=6.0V 
400 
ns 


DC Electrical Characteristics 
(Note 
4) 


TA=25·C 
74HC 
54HC 


Symbol 
Parameter 
Conditions 
Vcc 
TA = -40 
to 85·C 
TA = -55 
to 125·C 
Units 
Typ 
Guaranteed 
Limits 


VIH 
Minimum 
High level 
2.0V 
1.5 
1.5 
1.5 
V 


Input Voltage 
4.5V 
3.15 
3.15 
3.15 
V 


6.0V 
4.2 
4.2 
4.2 
V 


VIL 
Maximum 
low 
level 
2.0V 
0.3 
0.3 
0.3 
V 


Input Voltage 
4.5V 
0.9 
0.9 
0.9 
V 


6.0V 
1.2 
1.2 
1.2 
·V 


VOH 
Minimum 
High level 
VIN = VIH or VIL 
Output Voltage 
Ilourl:S:20 
/LA 
2.0V 
2.0 
1.9 
1.9 
1.9 
V 


4.5V 
4.5 
4.4 
4.4 
4.4 
V 


6.0V 
6.0 
5.9 
5.9 
5.9 
V 


VIN=VIHorVIL 
Iiourl 
:S:4.0 mA 
4.5V 
4.2 
3.98 
3.84 
3.7 
V 


Iiourl 
:S:5.2 mA 
6.0V 
5.7 
5.48 
5.34 
5.2 
V 


VOL 
Maximum 
low 
level 
VIN=VIHorVIL 


Output Voltage 
Ilourl:S:20 
/LA 
2.0V 
0 
0.1 
0.1 
0.1 
V 


4.5V 
0 
0.1 
0.1 
0.1 
V 


6.0V 
0 
0.1 
0.1 
0.1 
V 


VIN = VIH or VIL 


Ilourl:S:4.0 
mA 
4.5V 
0.2 
0.26 
0.33 
0.4 
V 


IIOUrl:S:5.?mA 
6.0V 
0.2 
0.26 
0.33 
0.4 
V 


IIN 
Maximum 
Input 
VIN=Vee 
or GND 
6.0V 
±0.1 
±1.0 
±1.0 
/LA 
Current 


Ice 
Maximum 
Quiescent 
VIN = Vce or GND 
6.0V 
2.0 
20 
40 
/LA 
Supply Current 
lour=O 
/LA 


Note 1: Absolute 
Maximum 
Ratings are those values beyond which damage to the device may occur. 


Note 2: Unless otherwise 
specified all voltages 
are referenced 
to ground. 


Note 
3: Power Dissipation temperature 
derating - 
plastic 
"N" 
package: 
-12 
mwrc 
from 65"C to 85°C; ceramic "J" 
package: 
-12 
mwrc 
from 
100·Cto 12S·C. 


Note 4: For a power supply of SV ± 10% the worst case outputvoltages (VOH.and Vot.>occur for HC at 4.SV.Thusthe 4.SVvaluesshouldbe used when 
designingwrththissupply.WorstcaseVIHandVil occurat Vee~ S.SVand4.SVrespectively.(TheVIHvalueat S.SVis 3.8SV.)Theworstcaseleakagecurrent(IIN. 
Ice. and lozJoccur for CMOSat the highervoltageandso the 6.0Vvaluesshouidbe used. 


AC Electrical Characteristics 
Vcc=5V. 
TA=25°C. CL=15 pF. tr=tf=6 
ns 


Symbol 
Parameter 
Conditions 
Typ 
Guaranteed 
Units 
Limit 


tpHL.tpLH 
Maximum Propagation 
12 
20 
ns 


Delay 


AC Electrical Characteristics 
Vcc=2.0V 
to 6.0V. CL=50 pF. tr=tf=6 
ns (unless otherwise specified) 


TA=25°C 
74HC 
54HC 


Symbol 
Parameter 
Conditions 
Vee 


'TA= -40 to 85°C 
TA= -55 to 125°C 
Units 
Typ 
Guaranteed Limits. 


tpHL.tpLH 
Maximum Propagation 
2.0V 
60 
120 
151 
179 
ns 


Delay 
4.5V 
12 
24 
30 
36 
ns 


6.0V 
10 
20 
26 
30 
ns 


tTHL,tTLH 
Maximum Output Rise 
2.0V 
30 
75 
95 
110 
ns 
and Fall Time 
4.5V 
8 
15 
19 
22 
ns 


6.0V 
7 
13 
16 
19 
ns 


CPO 
Power Dissipation 
(per gate) 
25 
pF 


Capacitance (Note 5) 


CIN 
Maximum Input 
5 
10 
10 
10 
pF 
Capacitance 


Note 
5: CPO determines 
the no load dynamic 
power 
consumption, Po=Cpo 
Vcc2 
f+lcc 
Vcc. 
and the no load dynamic 
current 
consumption, 
Is=CPD Vccf+1cc· 


Note 6: Refer to Section 1 for Typical MM54174HC 
AC Sw~ching Waveforms 
8l1d Test Circuits. 


'?'JI National 
~ 
semiconductor 


General 
Description 


These 
edge triggered 
flip-flops 
utilize 
microCMOSTM 
Tech- 
nology, 
3.5 micron 
silicon 
gate 
P-well CMOS, 
to implement 
Ootype flip-flops. 
They 
possess 
high 
noise 
immunity, 
low 
power, 
and speeds 
comparable 
to low power 
Schottky 
TTL 
circuits. 
This device 
contains 
6 master-slave 
flip-flops 
with a 
common 
clock 
and common 
clear. Data on the 0 input hav- 
ing the specified 
setup and hold limes is transferred 
to the 0 
output 
on the low to high transition 
of the CLOCK 
input. The 
CLEAR 
input when 
low, sets all outputs 
to a low state. 


Each 
output 
can drive 
10 low power 
Schottky 
TTL equiva- 
lent 
loads. 
The 
MM54HC273/MM74HC273 
is functionally 
as well as pin compatible 
to the 54LS273/74LS273. 
All in- 
puts are protected 
from 
damage 
due to static 
discharge 
by 
diodes 
to Vcc 
and ground. 


Features 


• 
Typical 
propagation 
delay: 
18 ns 


• 
Wide operating 
voltage 
range 


• 
Low input current: 
1 p.A maximum 


• 
Low quiescent 
current: 
80 p.A (74 series) 


• 
Output 
drive: 10 LSTTL 
loads 


MM54HC273/MM74HC273 


54HC273 
(J) 
74HC273 
(J,N) 


Truth Table 


(Each Flip-Flop) 


Inputs 
Outputs 


Clear 
Clock 
0 
Q 


L 
X 
X 
L 


H 
i 
H 
H 


H 
i 
L 
L 
, 
, 


H 
L 
X 
00 


H - 
High level (steady state) 


L = Low level (steady state) 


X = Don't Care 
t = Transition 
from low to high level 


00 - 
The level of 0 before the indicated steady- 


state 
input conditions 
were 
established 


Absolute Maximum Ratings (Notes 
1 and 
2) 
Operating Conditions 


Supply Voltage 
(Vee) 
-0.5 
to + 7.0V 
Mln 
Max 
Units 


DC Input Voltage 
(VIN) 
-1.5 
to Vee+1.5V 
Supply Voltage 
(Vecl 
2 
6 
V 


DC Output Voltage 
(VOUT) 
-0.5 
to Vee+0.5V 
DC Input or Output Voltage 
0 
Vce 
V 


Clamp Diode Current 
(11K, 10K> 
±20mA 
' (VIN,VOUT) 


DC Output 
Current, 
per pin (lOUT) 
±25mA 
Operating 
Temperature 
Range (TAl 
MM74HC 
-40 
+85 
'C 
DC Vce or GND Current, 
per pin (Ice) 
±50mA 
MM54HC· 
-55 
+125 
'C 
Storage 
Temperature 
Range (T8TG) 
-65'Cto 
+ 150'C 
Input Rise or Fall Times 


Power Dissipation 
(Po) (Note 3) 
500mW 
(tr,tf) 
Vee=2.0V 
1000 
ns 


Lead Temperature 
(TLl (Soldering 
10 seconds) 
260'C 
Vee=4.5V 
500 
ns 


Vee=6.0V 
400 
ns 


DC Electrical Characteristics 
(Note 
4) 


TA=25'C 
74HC 
54HC 


Symbol 
Parameter 
Conditions 
Vcc 
TA= 
-40to 
85'C 
TA= 
-55 
to 125'C 
Units 


Typ 
Guaranteeel 
Limits 


VIH 
Minimum 
High Level 
2.0V 
1.5 
1.5 
1.5 
V 


Input Voltage 
4.5V 
3.15 
3.15 
3.15 
V 


'6.0V 
4.2 
4.2 
4.2 
V 


VIL 
Maximum 
Low Level 
2.0V 
0.3 
0.3 
0.3 
V 


Input Voltage 
4.5V 
0.9 
0.9 
0.9 
V 


6.0V 
1.2 
1.2 
1.2 
V 


VOH 
Minimum 
High Level 
VIN = VIH or VIL 
Output Voltage 
IIOUTI S20 p.A 
2.0V 
2.0 
1.9 
1.9 
1.9 
V 


4.5V 
4.5 
4.4 
4.4 
4.4 
V 


6.0V 
6.0 
5.9 
5.9 
5.9 
V 


VIN = VIH or VIL 


IIOUTI S4.0 mA 
4.5V 
4.2 
3.98 
3.84 
3.7 
V 


IIOUTls5.2 
mA 
6.0V 
5.7 
5.48 
5.34 
5.2 
V 


VOL 
Maximum 
Low Level 
VIN = VIH or VIL 


Output Voltage 
IIOUTI S 20 p.A 
2.0V 
0 
0.1 
0.1 
0.1 
V 


4.5V 
0 
0.1 
0.1 
0.1 
V 


6.0V 
0 
0.1 
0.1 
0.1 
V 


VIN = VIH or VIL 


IIOUTIs4 
mA 
4.5V 
0.2 
0.26 
0.33 
0.4 
, 
V 


IIOUT!S5.2 
mA 
6.0V 
0.2 
0.26 
0.33 
0.4 
V 


IIN 
Maximum 
Input 
VIN = Vee or GND 
6.0V 
±0.1 
±1.0 
±1.0 
p.A 


Current 


Ice 
Maximum 
Quiescent 
VIN=VeeorGND 
6.0V 
8 
80 
160 
p.A 


Supply Current 
IOUT=O 
p.A 


Not. 
1: Absolute 
Maximum 
Ratings are those values beyond which damage to the device may occur. 


Note 2: Unless otherwise 
specified 
all voltages are referenced 
to ground. 


Not. 
3: Power Dissipation temperature 
derating - 
plastic 
"N" 
package: 
-12 mwrc from 
65°C to 85°C; ceramic 
"J" 
package: 
-12 mwrc 
from 
100'C to 125'C. 
Note 4: For a power supply of 5V ± 10% the worst case outputvoltages(VOH.and VoLl occur for HC at 4.5V.Thusthe 4.5V valuesshouldbe usad when 
designingw~hthissupply.WorstcaseVIHandVILoccurat Vee~ 5.5Vand4.5Vrespectively.(TheV,Hvalueat 5.5Vis3.85V.)Theworstcaseleakagecurrant(I'N. 
Ice. and lozl occur for CMOSat the highervoltageandso the 6.0Vvaluesshouldbe usad. 


- 


AC Electrical Characteristics 
Vcc=5V, 
TA=25°C, 
CL =15 
pF, t,=tf=6 
ns 


Symbol 
Parameter 
Conditions 
Typ 
Guaranteed 
Units 
Limit 


fMAX 
Maximum 
Operating 
50 
30 
MHz 
Frequency 


tpHL, tpLH 
Maximum 
Propagation 
18 
27 
ns 
Delay, Clock to Output 


tpHL 
Maximum 
Propagation 
18 
27 
ns 
Delay, Clear to Output 


tREM 
Minimum 
Removal 
Time, 
10 
20 
ns 
Clear to Clock 


ts 
Minimum 
Set Up Time 
10 
20 
ns 
Data to Clock 


tH 
Minimum 
Hold Time 
-2 
0 
ns 
Clock to Data 


tw 
Minimum 
Pulse Width 
10 
16 
ns 
Clock or Clear 


AC Electrical Characteristics. CL =50 
pF, t,=tf=6 
ns (unless 
otherwise 
specified) 


TA=25°C 
74HC 
54HC 


Symbol 
Parameter 
Conditions 
Vcc 
TA=-40to85°C 
TA = -55 
to 125°C 
Units 
Typ 
Guaranteed 
Limits 


fMAX 
Maximum 
Operating 
2.0V 
5 
4 
3 
MHz 


\ 


Frequency 
4.5V 
27 
21 
18 
MHz 
6.0V 
31 
24 
20 
MHz 


tpHL, tpLH 
Maximum 
Propagation 
2.0V 
50 
160 
200 
240 
ns 
Delay, Clock to Output 
4.5V 
21 
32 
40 
48 
ns 
6.0V 
19 
27 
33 
40 
ns 


tpHL 
Maximum 
Propagation 
2.0V 
50 
160 
200 
240 
ns 
Delay. Clear to Output 
4.5V 
21 
32 
40 
48 
ns 
6.0V 
19 
27 
33 
40 
ns 


tREM 
Minimum 
Removal 
Time 
2.0V 
30 
100 
125 
150 
ns 
Clear to Clock 
4.5V 
10 
20 
25 
30 
ns 
6.0V 
9 
17 
21 
25 
ns 


ts 
Minimum 
Set Up Time 
2.0V 
30 
100 
125 
150 
ns 
Data to Clock 
4.5V 
10 
20 
25 
30 
ns 
6.0V 
9 
17 
21 
25 
ns 


tH 
Minimum 
Hold Time 
2.0V 
-10 
0 
0 
0 
ns 
Clock to Data 
4.5V 
-2 
0 
0 
0 
ns 
6.0V 
-2 
0 
0 
0 
ns 


tw 
Minimum 
Pulse Width 
2.0V 
30 
80 
100 
120 
ns 
Clock or Clear 
4.5V 
10 
16 
20 
24 
ns 
6.0V 
6 
14 
18 
20 
ns 


t,. tf 
Maximum 
Input Rise and 
2.0V 
1000 
1000 
1000 
ns 
Fall Time 
4.5V 
500 
500 
500 
ns 
6.0V 
400 
400 
400 
ns 


tTHL. tTLH 
Maximum 
Output 
Rise 
2.0V 
30 
75 
95 
110 
ns 
and Fall Time 
4.5V 
8 
15 
19 
22 
ns 
6.0V 
7 
13 
16 
19 
ns 


CPO 
Power Dissipation 
(per package) 
175 
pF 
Capacitance 
(Note 5) 


CIN 
Maximum 
Input 
5 
10 
10 
10 
pF 
Capacitance 


Note 
5: CPO determines 
the 
no load dynamic 
power 
consumption, 
PO=CPD 
Vcc2 
f+lcc 
Vcc. 
and the 
no 
load 
dynamtc 
current 
consumption. 


IS-Cpo 
VCCf+1cc· 


Note 
8: Refer to Section 1 for Typical MM54174HC 
AC Switching Waveforms 
and Test Circuits. 


~National 
~ 
semiconductor 


MM54HC280/MM74HC280 
9-Bit Odd/Even 
Parity Generator/Checker 


General 
Description 


The 
MM54HC280/MM74HC280 
utilizes 
microCMOSTM 


Technology, 3.5 micron silicon gate P-well CMOS, to 
achieve the high noise immunity and low power consump- 
tion of standard CMOS integrated circuits. It possesses the 
ability to drive 10 LS-TTL loads. 
This parity generatorIchecker features oddl even outputs to 
facilitate operation of either odd or even parity applications. 
The word length capability is easily expanded by cascading 
devices. The 54HC174HC logic family is speed, function, 
and pinout compatible with the standard 54LS174LS family. 
All inputs are protected from damage due to static dis- 
charge by internal diode clamps to Vcc and ground. 


Features 


• 
Typical propagation delay: 28 ns 
• 
Wide power supply range: 2V-6V 
• 
Low quiescent current: 80 ,...Amaximum (74HC) 


• 
Low input current: 1 ,...Amaximum 
• 
Fanout of 10 LS-TTL loads 
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TL/F/5121-1 


MM54HC280/MM74HC280 


54HC280 (J) 
74HC280 (J,N) 


Numbers of Inputs A 
Outputs 


thru 1 that are High 
~ Even 
~Odd 


0,2,4,6,8 
H 
L 


1,3,5,7,9 
L 
H 


Absolute Maximum Ratings 
(Notes 
1 & 2) 
Operating Conditions 


Supply Voltage 
(Vee) 
-0.5 
to + 7.0V 
Mln 
Max 
Units 


DC Input Voltage 
(VIN) 
-1.5 
to Vee+1.5V 
Supply Voltage 
(Vee) 
2 
6 
V 


DC Output Voltage 
(Vour) 
-0.5 
to Vee+0.5V 
DC Input or Output Voltage 
0 
Vee 
V 


Clamp Diode Current 
(11K, 10K> 
±20mA 
(VIN,Vour) 


DC Output Current, 
per pin (lour) 
±25mA 
Operating 
Temperature 
Range (TN 
MM74HC 
-40 
+85 
·C 
DC Vee or GND Current, 
per pin (Ieel 
±50mA 
MM54HC 
-55 
+125 
·C 
Storage 
Temperature 
Range (Tsm) 
-65·Cto 
+ 150·C 
Input Rise or Fall Times 


Power Dissipation 
(PD) (Note 3) 
500mW 
(tr,td 
Vee=2.0V 
1000 
ns 


Lead Temperature 
(TJ (Soldering 
10 seconds) 
260·C 
Vee=4.5V 
500 
ns 


Vee=6.0V 
400 
ns 


DC Electrical Characteristics 
(Note 
4) 


TA=25·C 
74HC 
54HC 


Symbol 
Parameter 
Conditions 
Vcc 
TA = -40 
to 85·C 
TA = -55 
to 125·C 
Units 
Typ 
Guarahteed 
Limits 


VIH 
Minimum 
High Level 
2.0V 
1.5 
1.5 
1.5 
V 


Input Voltage 
4.5V 
3.15 
3.15 
3.15 
V 


6.0V 
4.2 
4.2 
4.2 
V 


VIL 
Maximum 
Low Level 
2.0V 
0.3 
0.3 
0.3 
V 


Input Voltage 
4.5V 
0.9 
0.9 
0.9 
V 


6.0V 
1.2 
1.2 
1.2 
V 


VOH 
Minimum 
High Level 
VIN=VIHorVIL 
Output Voltage 
Ilourl5:20 
fJ-A 
2.0V 
2.0 
1.9 
1.9 
1.9 
V 


4.5V 
4.5 
4.4 
4.4 
4.4 
V 


6.0V 
6.Q 
5.9 
5.9 
5.9 
V 


VIN = VIH or VIL 


Ilourl5:4.0 
mA 
4.5V 
4.2 
3.98 
3.84 
3.7 
V 


Ilourl5: 
5.2 mA 
6.0V 
5.7 
5.48 
5.34 
5.2 
V 


VOL 
Maximum 
Low Level 
VIN=VIH 
orVIL 


Output Voltage 
Ilour!5:20 
fJ-A 
2.0V 
0 
0.1 
0.1 
0.1 
V 


4.5V 
0 
0.1 
0.1 
0.1 
V 


6.0V 
0 
0.1 
0.1 
0.1 
V 


VIN=VIHorVIL 


Ilourl5:4.0 
mA 
4.5V 
0.2 
0.26 
0.33 
0.4 
V 


Ilourl5:5.2 
mA 
6.0V 
0.2 
0.26 
0.33 
0.4 
V 


IIN 
Maximum 
Input 
VIN=VeeorGND 
6.0V 
±0.1 
±1.0 
±1.0 
fJ-A 


Current 


lee 
Maximum 
Quiescent 
VIN = Vee or GND 
6.0V 
8.0 
80 
160 
fJ-A 


Supply Current 
lour=OfJ-A 


Note 
1: Absolute 
Maximum Ratings are those values beyond which damage to the device may occur. 


Note 
2: Unless otherwise 
specified all voltages are referenced 
to ground. 


Note 
3: Power Dissipation temperature 
derating - 
plastic "N" 
package: 
-12 
mwrc 
from 65°C to 85°C; ceramic "J" 
package: 
-12 mwrc 
from 
100'C to 125·C. 


Note 4: For a power supply of 5V ±10% the worst case outputvoltages (VOH.and You occur for HC at 4.5V.Thusthe 4.5V valuesshouldbe used when 
designingwiththissupply.WorstcaseV,HandV,Loccurat Vee=5.5V and4.5Vrespectively.(TheV,Hvalueat 5.5Vis3.85V.)Theworstcaseleakagecurrent(I,N. 
Ice. and IOV occur for CMOS at the highervoltageand so the 6.0Vvaluesshouldbe used. 


Symbol 
Parameter 
Conditions 
Typ 
Guaranteed 
Units 
Limit 


tpHL, tpLH 
Maximum 
Propagation 
28 
35 
ns 


Delay, Data to ~ Even 


tpHL, tpLH 
Maximum 
Propagation 
28 
35 
ns 


Delay, Data to ~ Odd 


TA=25'C 
74HC 
54HC 


Symbol 
Parameter 
Conditions 
Vcc 
TA= 
-40 
to 85'C 
TA= 
-55 
to 12SOC 
Units 
Typ 
Guaranteed 
Limits 
. 


tpHL. tpLH 
Maximum 
Propagation 
2.0V 
103 
205 
258 
305 
ns 


Delay, Data to ~ Even 
4.5V 
21 
41 
52 
61 
ns 


6.0V 
17 
35 
44 
52 
ns 


tpHL, tpLH 
Maximum 
Propagation 
2.0V 
103 
205 
258 
305 
ns 


Delay, Data to ~ Odd 
4.5V 
21 
41 
52 
61 
ns 
6.0V 
17 
35 
44 
52 
ns 


tTLH, tTHL 
Maximum 
Output 
Rise 
2.0V 
30 
75 
95 
110 
ns 


and Fall Time 
4.5V 
8 
15 
19 
22 
ns 


6.0V 
7 
13 
16 
19 
ns 


CPO 
Power Dissipation 
pF 


Capacitance 
(Note 5) 


CIN 
Maximum 
Input Capacitance 
5 
10 
10 
10 
pF 


Note 
5: CPO determines 
the 
no load dynamic 
power 
consumption, 
PO=CPD 
Vcc2 
f+lcc 
Vcc. 
and the 
no load 
dynamic 
current 
consumption, 


Is~CPD VCCf+ICC' 


Note 
6: Refer to Section 1 for Typical 
MM54174HC 
AC Swijching 
Waveforms 
and Tast Circuits. 


II?'A National 
~ 
semiconductor 


MM54HC283/MM74HC283 
4-Bit Binary Adder with Fast Carry 
General Description 


This full adder performs 
the addition 
of two 4-bit binary num- 
bers utilizing 
microCMOSTM 
Technology, 
3.5 micron 
silicon 
gate 
P-well 
CMOS. 
The 
sum 
(~) 
outputs 
are provided 
for 
each 
bit and the 
resultant 
carry 
(C4) is obtained 
from 
the 
fourth 
bit. 
These 
adders 
feature 
full 
internal 
look 
ahead 
across 
all four bits. This provides 
the system 
designer 
with 
partial 
look-ahead 
performance 
at 
the 
economy 
and 
re- 
duced 
package 
count 
of a ripple-carry 
implementation. 


The adder 
logic, 
including 
the carry, 
is implemented 
in its 
true form meaning 
that the end-around 
carry can be accom- 
plished 
without 
the need for logic or level inversion. 
All in- 
puts are protected 
from damage 
due to static 
discharge 
by 
internal 
diode clamps 
to Vcc 
and ground. 


Features 


• 
Full-carry 
look-ahead 
across 
the four bits 


• 
Systems 
achieve 
partial 
look-ahead 
performance 
with the economy 
of ripple carry 


• 
Wide 
supply 
range: 
2V to 6V 


• 
Low quiescent 
power 
consumption: 
e /l-A at 25°C 


• 
Low input current: 
<1 /l-A 


Typical 
Add Times 
Two 
Two 
8-Blt 
16-Blt 
Words 
Words 
25 ns 
45 ns 


t3 
A4 


13 
12 


t4 
C4 


10 
g 


4 
5 
e 
Ie 
n 
82 
A2 
t1 
A1 
81 
co 
GND 


TL/F/5332-1 
MM54HC283/MM74HC283 


54HC283 
(J) 
74HC283 
(J,N) 
Truth Table 


Output 


When 
When 
Input 
co= 
L 
CO = H 


When 
When 
C2 - 
L 
C2 - 
H 


All 
A3 
81 I 83 
A21 
A4 
82184 
1:1 I 1:3 
1:2 I 1:4 
c21 
C4 
1:1 I 1:3 
1:2 I 1:4 
c21 
C4 


L 
L 
L 
L 
L 
L 
L 
H 
L 
L 
H 
L 
L 
L 
H 
L 
L 
L 
H 
L 
L 
H 
L 
L 
H 
L 
L 
L 
H 
L 
H 
H 
L 
L 
L 
H 
L 
H 
H 
L 
L 
L 
H 
L 
L 
H 
L 
H 
H 
L 
H 
L 
H 
L 
H 
H 
L 
L 
L 
H 
L 
H 
H 
L 
H 
H 
L 
L 
L 
H 
H 
H 
H 
L 
L 
L 
H 
H 
L 
H 
L 
L 
L 
H 
L 
H 
L 
H 
H 
L 
H 
L 
L 
H 
H 
H 
L 
L 
L 
H 
L 
H 
L 
H 
H 
H 
L 
L 
L 
H 
H 
H 
L 
H 
L 
L 
H 
H 
L 
H 
L 
L 
H 
H 
L 
L 
H 
H 
L 
H 
H 
L 
H 
H 
H 
L 
H 
L 
H 
H 
L 
H 
H 
H 
H 
L 
H 
L 
H 
H 
H 
H 
H 
H 
L 
H 
H 
H 
H 
H 


H ~ 
High Level, L = Low Level 
Note 
Input conditions at A1, 81, A2, 82, and CO are used to determine 
outputs I.l 
and 1:2 and the value of the 


intemal carry C2. The values at C2, A3, 83, A4, and 84 are then used to determine 
outputs 1:3, I.4, and C4 


4-230 


Absolute Maximum Ratings (Notes 
1 & 2) 
Operating Conditions 


Supply Voltage 
(Veel 
-0.5 
to + 7.0V 
Mln 
Max 
Units 


DC Input Voltage 
(VIN) 
-1.5 
to Vee+1.5V 
Supply Voltage(Veel 
2 
6 
V 


DC Output Voltage 
(Vour) 
-0.5 
toVee+0.5V 
DC Input or Output Voltage 
0 
Vee 
V 


Clamp Diode Current 
(11K. 'oK! 
±20mA 
(VIN.Vour) 


DC Output 
Current, 
per pin (lour) 
±25mA 
Operating 
Temperature 
Range(T Al 
MM74HC 
-40 
+85 
'C 
DC Vee or GND Current. 
per pin (Ieel 
±50mA 
MM54HC 
-55 
+125 
'C 
Storage 
Temperature 
Range (TsrG) 
-65'Cto 
+ 150'C 
Input Rise or Fall Times 


Power Dissipation 
(Po) (Note 3) 
500mW 
(t,.. tll 
Vcc=2.0V 
1000 
ns 


Lead Temperature 
(TJ (Soldering 
10 seconds) 
260'C 
Vee=4.5V 
500 
ns 


Vee=6.0V 
400 
ns 


DC Electrical Characteristics 
(Note 
4) 


TA=25'C 
74HC 
54HC 


Symbol 
Parameter 
Conditions 
Vcc 
TA= 
-40 
to 85'C 
TA = -55 
to 125'C 
Units 


Typ 
Guaranteed 
Limits 


VIH 
Minimum 
High Level 
2.0V 
1.5 
1.5 
1.5 
V 


Input Voltage 
. 
4.5V 
3.15 
3.15 
3.15 
V 


6.0V 
4.2 
4.2 
4.2 
V 


VIL 
Maximum 
Low Level 
2.0V 
0.3 
0.3 
0.3 
V 


Input Voltage 
4.5V 
0.9 
0.9 
0.9 
V 


6.0V 
1.2 
1.2 
1.2 
V 


VOH 
Minimum 
High Level 
VIN=VIHorVIL 


Output Voltage 
Ilourl';;20 
,..A 
2.0V 
2.0 
1.9 
1.9 
1.9 
V 


4.5V 
4.5 
4.4 
4.4 
4.4 
V 


6.0V 
6.0 
5.9 
5.9 
5.9 
V 


VIN=VIHorVIL 


Ilourl';;4.0mA 
4.5V 
4.2 
3.98 
3.84 
3.7 
V 


Houri,;; 
5.2 mA 
6.0V 
5.7 
5.48 
5.34 
5.2 
V 


VOL 
Maximum 
Low Level 
VIN = VIH or VIL 


Output 
Voltage 
Iiourl 
,;;20 jJ.A 
2.0V 
0 
0.1 
0.1 
0.1 
V 


4.5V 
0 
0.1 
0.1 
0.1 
V 


6.0V 
0 
0.1 
0.1 
0.1 
V 


VIN=VIHorVIL 


!lourl';;4.0 
mA 
4.5V 
0.2 
0.26 
0.33 
0.4 
V 


Ilourl';;5.2 
mA 
6.0V 
0.2 
0.26 
0.33 
0.4 
V 


IIN 
Maximum 
Input 
VIN=veeor 
GND 
6.0V 
±0.1 
±1.0 
±1.0 
,..A 


Current 


Ice 
Maximum 
Quiescent 
VIN = Vee or GND 
6.0V 
8.0 
80 
160 
,..A 


Supply Current 
lour=O 
,..A 


Note 
1: Absolute 
Maximum 
Ratings are those values beyond which damage to the device may occur. 


Note 
2: Unless otherwise 
specified all voltages are referenced 
to ground. 


Note 
3: Power 
Dissipation 
temperature 
derating 
- 
plastic 
"N" 
package: 
-12 
mWI'C 
from 
6S'C 
to 8S'C; 
ceramic 
"J" 
package: 
-12 
mWI'C 
from 
l00'C 
to 12S·C. 


Note 
4: For a power supply of SV ± 10% the worst case output voltages 
(VOH. and VOU occur for HC at 4.SV. Thus the 4.SV values should be used when 
designing with this supply. Worst case VIH and VIL occur at Vcc=5.5V 
and 4.5V respectively. 
(The VtH value at 5.5V is 3.85V.) The worst case leakage current (IIN. 
Icc. and IOzJ occur for CMOS at the higher voltage and so the 6.0V values should be used. 


; 


AC Electrical Characteristics 


Vcc=5V. 
TA=25·C. 
CL =15 
pF, tr=tf=6 
ns 


Symbol 
Parameter 
Conditions 
Typ 
Guaranteed 
Units 
Limit 


tpHL, tpLH 
Maximum 
Propallation 
16 
24 
ns 


Delay From CO to I.1 or I.2 


tpHL, tpLH 
Maximum 
Propagation 
16 
24 
ns 


Delay From CO to I.3 
. 


tpHL, tpLH 
Maximum 
Propagation 
16 
24 
ns 


Delay From CO to I.4 


tpHL, tpLH 
Maximum 
Propagation 
15 
24 
ns 


Delay From AI or 81 to I.I 


tpHL, tPLH 
Maximum 
Propagation 
11 
17 
ns 


Delay From CO to C4 


tpHL, tpLH 
Maximum 
Propagation 
12 
17 
ns 


Delay From AI or 81 to C4 
. 


AC Electrical Characteristics 
CL =50 
pF, t,=tf=6 
ns (unless 
otherwise 
specified) 


TA=25'C 
74HC 
54HC 


Symbol 
Parameter 
Conditions 
Vcc 
TA= 
-40 
to 85'C 
TA=-55t0125'C 
Units 
Typ 
Guaranteed 
Limits 


tPHL, tpLH 
Maximum 
Propagation 
2.0V 
60 
150 
188 
225 
ns 


Delay From CO to I.1 or I.2 
4.5V 
21 
30 
37 
45 
ns 
. 
6.0V 
18 
26 
32 
39 
ns 


tPHL, tpLH 
Maximum 
Propagation 
2.0V 
60 
150 
188 
225 
ns 


Delay From CO to I.3 
4.5V 
21 
30 
37 
45 
ns 


6.0V 
18 
26 
32 
39 
ns 


tpHL, tpLH 
Maximum 
Propagation 
2.0V 
60 
150 
188 
225 
ns 


Delay From CO to I.4 
4.5V 
21 
30 
37 
45 
ns 


6.0V 
18 
26 
32 
39 
ns 


tpHL. tpLH 
Maximum 
Propagation 
2.0V 
60 
150 
188 
225 
ns 


Delay From AI or 81 to I.I 
4.5V 
21 
30 
37 
45 
ns 


6.0V 
18 
26 
32 
39 
ns 


tPHL. tpLH 
Maximum 
Propagation 
2.0V 
52 
125 
156 
188 
ns 


Delay From CO to C4 
4.5V 
17 
25 
31 
38 
ns 


6.0V 
14 
21 
26 
31 
ns 


tpHL. tPLH 
Maximum 
Propagation 
2.0V 
56 
130 
162 
195 
ns 


Delay From AI or 81 to C4 
4.5V 
18 
26 
32 
39 
ns 


6.0V 
14 
22 
27 
33 
ns 


tTHL, tTLH 
Maximum 
Output 
2.0V 
28 
75 
95 
110 
ns 
Rise and Fall Time 
4.5V 
8 
15 
19 
22 
ns 


6.0V 
7 
13 
16 
19 
ns 


CIN 
Maximum 
Input 
5 
10 
10 
10 
,..F 


Capacitance 


CPO 
Power Dissipation 
JLF 
Capacitance 
(Note 5) 


Note 
5: CPO determines 
the 
no load 
dynamic 
power 
consumption, 
Po= CPO Vcc2 
f+ Ice 
Vcc. 
and the 
no load 
dynamic 
current 
consumption, 
IS~CPDVCC f+lcc· 


Note 
6: Refer to Section 1 for Typical MM54174HC 
AC Switching Waveforms 
and Test Circuits. 


~National 
~ 
semiconductor 


MM54HC292/MM74,HC292, 
MM54HC294/MM74HC294 
Programmable 
Frequency Dividers/Digital 
Timers 


General 
Description 


These high speE;lddividers/timers 
utilize microCMOSTM 


Technology, 3.5 micron silicon gate P-well CMOS. They 
possess the high noise immunity and low power consump- 
tion of standard CMOS integrated circuits, as well as the 
ability to drive 10 LS-TIL loads. 


These programmable frequency dividers/digital timers con- 
tain 31 flip-flops ('HC292) or 15 flip-flops ('HC294) plus 30 
gates on a single chip. The count modulo is under digital 
control of the inputs provided. 
Both types feature an active-low clear input to initialize the 
state of all flip-flops. To facilitate incoming inspection, test 
points are provided (TP1,TP2, and TP3 on the 'HC292 and 
TP on the 'HC294). These test points are not intended to 
drive system loads. Both types feature two clock inputs; ei- 
ther one may be used for clock gating. (See the truth table 
below.) 


The 54HC/74HC logic family is speed, function, and pinout 
compatible with the standard 54LS/74LS logic family. All 
inputs are protected from damage due to static discharge by 
internal diode clamps to Vcc and ground. 


Features 
• 
Count divider chain 
• 
Digitally programmable from 22 to 2" 
(n = 31 for 'HC292, n = 15 for-'HC294) 
• 
Usable frequency range from DC to 30 MHz 


• 
Wide operating voltage range: 2V-6V 
• 
Low input current: 1 ,...Amaximum 
• 
Low quiescent current: 80 ,...Amaximum 


• 
Easily cascadable 
• 
Output drive capability: 10 LS-TIL loads 


16 Yee 


15 C 
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ClK1 
4 


ClK2 
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54HC292 (J) 
74HC292 (J,N) 
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4 
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MM54HC294/MM74HC294 


54HC294 (J) 
74HC294 (J,N) 


CLEAR 
CLK1 
CLK2 
Q OUTPUT MODE 


L 
X 
X 
Cleared to L 
H 
i 
L 
Count 
H 
L 
t 
Count 


H 
H 
X 
Inhibit 
H 
X 
H 
Inhibit 


Absolute Maximum Ratings (Notes 1 & 2) 


Supply Voltage (Veel 
-0.5 to + 7.0V 
DC Input Voltage (VIN) 
':"'1.5to Vee+ 1.5V 


DC Output Voltage (VOUT) 
-0.5 to Vee+0.5V 


Clamp Diode Current (11K. 10K) 
± 20 mA 


DC Output Current, per pin (lOUT) 
± 25 mA 
DC Vee or GND Current. per pin (Ieel 
± 50 mA 


Storage Temperature Range (TSTG) 
- 65'C to + 150'C 
Power Dissipation (PD)(Note 3) 
500 mW 


Lead Temperature (TU (Soldering 10 seconds) 
260'C 


Op~rating Conditions 
Mln 
2 
o 


Max 
Units 
6 
V 


vee 
V 


+85 
'C 
+125 
'C 


1000 
ns 
500 
ns 
400 
ns 


Supply Voltage(Veel 
DC Input or Output Voltage 
(VIN.VOUT) 
Operating Temperature Range(TA) 
MM74HC 
-40 
MM54HC 
-55 


Input Rise or Fall Times 
(tr•tt) 
Vee=2.0V 
Vcc=4.5V 
Vee=6.OV 


TA=25'C 
74HC 
54HC 


Symbol 
Parameter 
Conditions 
Vcc 
TA= -40to 
85'C 
TA= -55 to 125'C 
Units 
Typ 
Guaranteed Limits 


VIH 
Minimum High Level 
2.0V 
1.5 
1.5 
1.5 
V 
Input Voltage 
4.5V 
3.15 
3.15 
3.15 
V 
6.OV 
4.2 
4.2 
4.2 
V 


VIL 
Maximum Low Level 
2.0V 
0.3 
0.3 
0.3 
V 
Input Voltage 
4.5V 
0.9 
0.9 
0.9 
V 
6.OV 
1.2 
1.2 
1.2 
V 


VOH 
Minimum High Level 
VIN= VIHor VIL 
Output Voltage 
IIOUTI,;;20IJ-A 
2.0V 
2.0 
1.9 
1.9 
1.9 
V 
4.5V 
4.5 
4.4 
4.4 
4.4 
V 
6.OV 
6.0 
5.9 
5.9 
5.9 
V 


VIN= VIHor VIL 
IIOUTI';;4.0mA 
4.5V 
4.2 
3.98 
3.84 
3.7 
V 
IIOUTI';;5.2mA 
6.OV 
5.7 
5.48 
5.34 
5.2 
V 


VOL 
Maximum Low Level 
VIN= VIHor VIL 
Output Voltage 
IIOUTI';;20IJ-A 
2.0V 
0 
0.1 
0.1 
0.1 
V 
4.5V 
0 
Ci.1 
0.1 
0.1 
V 
6.OV 
0 
0.1 
0.1 
0.1 
V 


VIN=VIHorVIL 
IIOUTI';;4.0mA 
4.5V 
0.2 
0.26 
0.33 
0.4 
V 
HOUTI,;;5.2 mA 
6.OV 
0.2 
0.26 
0.33 
0.4 
V 


IIN 
Maximum Input 
VIN=VeeorGND 
6.OV 
±0.1 
±1.0 
±1.0 
IJ-A 
Current 


Ice 
Maximum Quiescent 
VIN= Vee or GND 
6.OV 
8.0 
80 
160 
IJ-A 
Supply Current 
IOUT=OIJ-A 


Note 
1: Absolute 
Maximum 
Ratings are those values beyond which damage to the device may occur. 


Note 2: Unless otherwise 
specified 
all voltages are referenc~d 
to ground. 


Note 
3: Power Dissipation temperature 
derating - 
plastic 
"N" 
package: 
-12 mwrc from 65°C to 85°C; ceramic "J" package: 
-12 mwrc 
from 


100'C to 125'C. 


Note 4: For a power supply 
of 5V ±10°,4 the worst case output voltages 
(VOH, and Vou'occur 
for He at 4.5V. Thus the 4.5V values should be used when 
designing with this supply_ Worst case VIH and VIL occur at Vcc= 
5.5V and 4.5V respectively. 
(The VIH value at 5.5V is 3.85V.) The worst case leakage current (IIN. 
Ice. and IOzJ occur for CMOS at the higher voltage and so the 6.0V values should be used. 


Symbol 
Parameter 
Conditions 
Typ 
Guaranteed 
Units 
Limit 


fMAX 
Maximum 
Operating 
50 
30 
MHz 


Frequency 


tpHL, tpLH 
Maximum 
Propagation 
80 
120 
ns 


Delay, CLK1, CLK2 to Q Output 


tPHL, tpLH 
Maximum 
Propagation 
80 
ns 


Delay, CLK1, CLK2 to TP Output 


tpHL 
Maximum 
Propagation 
80 
ns 


Delay, ern to Q Output 


tpHL 
Maximum 
Propagation 
CLRto 
80 
ns 


Delay, CLR to TP Output 
TPOutput 


tREM 
Minimum 
Removal 
Time, 
CLRto 
10 
20 
ns 


CLR to CLK1, CLK2 
CLK1, CLK2 


tw 
Minimum 
Pulse Width 
10 
16 
ns 


CLR to CLK1, CLK2 
CLK1, CLK2 


TA=25'C 
74HC 
54HC 


Symbol 
Parameter 
Conditions 
Vcc 
TA = -40 
to 85'C 
TA = -55 
to 125'C 
Units 
Typ 
Guaranteed 
Limits 


fMAX 
Maximum 
Operating 
2.0V 
10 
5 
4 
3 
MHz 


Frequency 
4.5V 
45 
27 
21 
18 
MHz 


. 
6.0V 
50 
32 
25 
21 
MHz 


tpHL, tpLH 
Maximum 
Propagation 
2.0V 
300 
600 
750 
900 
ns 
Delay, CLK1, CLK2 to 
4.5V 
80 
120 
150 
180 
ns 
QOutput 
6.0V 
70 
100 
125 
150 
ns 


tpHL, tpLH 
Maximum 
Propagation 
2.0V 
380 
ns 
Delay, CLK1, CLK2 to 
4.5V 
80 
ns 
TP Output 
6.0V 
70 
ns 


tpHL 
Maximum 
Propagation 
2.0V 
380 
ns 
Delay, CLR to 
4.5V 
80 
ns 
QOutput 
6.0V 
70 
ns 


tpHL 
Maximum 
Propagation 
2.0V 
380 
ns 
Delay, CLR to TP 
4.5V 
80 
ns 
Output 
6.0V 
70 
ns 


tREM 
Minimum 
Removal 
Time 
2.0V 
100 
125 
150 
ns 
CLR to CLK1, CLK2 
4.5V 
20 
25 
30 
ns 
6.0V 
17 
21 
25 
ns 


tTHL, tTLH 
Maximum 
Output 
Rise 
2.0V 
30 
75 
95 
110 
ns 
and Fall Time 
4.5V 
8 
15 
19 
22 
ns 
(QOutput) 
6.0V 
7 
13 
16 
19 
ns 


tw 
Minimum 
Pulse Width 
2.0V 
30 
80 
100 
120 
ns 
CLR, CLK1, CLK2 
4.5V 
10 
16 
20 
24 
ns 


6.0V 
9 
14 
18 
20 
ns 


tr,tf 
Maximum 
Input Rise and 
2.0V 
1000 
1000 
1000 
ns 
Fall Time 
4.5V 
500 
500 
500 
ns 


6.0V 
400 
400 
400 
ns 


CPD 
Power Dissipation 
pF 


Capacitance 
(Note 5) 


CIN 
Maximum 
Input 
5 
10 
10 
10 
pF 


Capacitance 


Note 
5: CPO determines the no load dynamic power 
consumption, Po= CPO Vcc2 
f+ Ice 
Vcc. 
and the no load dynamic 
current 
consumption, 
IS=CPD VCC f+1cc· 


Note 6: Refer to Section 1 for Typical MM54174HC 
AC Switching Waveforms 
and Test Circuits. 


Operation 


A brief 
look 
at the digital 
timing 
capabilities 
will show 
that 
with a 1-MHz input frequency, 
programming 
for 210 will give 
a period of 1.024 ms, and 220 will give a period of 1.05s, 226 


will give a period 
of 1.12 min, and 231 will give a period 
of 
35.79 
min. 


The functional 
block 
diagram 
shows 
that the count 
modulo 
is controlled 
by an X/V 
decoder 
connected 
to the 
mode- 
control 
inputs 
of 
several 
flip-flops. 
These 
flip 
flops 
with 
mode controls 
each have a "0" input connected 
to the par- 
allel 
clock 
line 
and 
a "T" 
input 
driven 
by the 
preceding 
stage. 
The parallel 
clock 
frequency 
is always 
the input fre- 
quency 
divided 
by four. 


The XIY 
decoder 
output 
selected 
by the 
programming 
in- 
puts goes low. While a mode control 
is low, the "0" input of 
the flip-flop 
is enabled, 
and the signal from the parallel 
clock 
line 
(fiN -T 4) is passed 
to 
the "r input 
of 
the 
following 
stage. All the other 
mode controls 
are high enabling 
the "r 
inputs 
and causing 
each flip-flop 
in turn to divide 
by two. 


OUTPUT OF 
PRECEDING 
STAGE 


FROM X/Y COOER 


Functional 
block diagram (positive 
logic) 


'HC292 


mill) 


- ClK1 (4) 


cm 
(5) 


TO TOGGLE 
INPUT OF 
NEXT STAGE 


22 


20 
(6) TP2 
A (10J 
18 


16 


(1) 
91 


8 


C (15) 


0(14) 


E (2) 
16 
14 


12 
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10 
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'HC292 
Function 
Table 


Programming 
Frequency 
Division 


Inputs 
Q 
TP1 
TP2 
TP3 


E 
D 
C 
B 
A 
Binary 
Decimal 
Binary 
Decimal 
Binary 
Decimal 
Binary 
Decimal 


L 
L 
L 
L 
L 
Inhibit 
Inhibit 
Inhibit 
Inhibit 
Inhibit 
Inhibit 
Inhibit 
Inhibit 


L 
L 
L 
L 
H 
Inhibit 
Inhibit 
Inhibit 
Inhibit 
Inhibit 
Inhibit 
Inhibit 
Inhibit 


L 
L 
L 
H 
L 
22 
4 
29 
512 
217 
131,072 
224 
16,777,216 


L 
L 
L 
H 
H 
23 
8 
29 
512 
217 
131,072 
224 
16,777,216 


L 
L 
H 
L 
L 
24 
16 
29 
512 
217 
131,072 
224 
16,777,216 


L 
L 
H 
L 
H 
25 
32 
29 
512 
217 
131,072 
224 
16,777,216 


L 
L 
H 
H 
L 
26 
64 
29 
512 
217 
131,072 
224 
16,777,216 


L 
L 
H 
H 
H 
27 
128 
29 
512 
217 
131,072 
224 
16,777,216 


L 
H 
L 
L 
L 
28 
256 
29 
512 
217 
131,072 
22 
4 


L 
H 
L 
L 
H' 
29 
512 
29 
512 
217 
131,072 
22 
4 


L 
H 
L 
H 
L 
.210 
1,024 
29 
512 
217 
131,072 
24 
16 


L 
H 
L 
H 
H 
211 
2,048 
29 
512 
217 
131,072 
24 
16 


L 
H 
H 
L 
L 
212 
4,096 
29 
512 
217 
131,072 
26 
64 


L 
H 
H 
L 
H 
213 
8,192 
29 
512 
217 
131,072 
26 
64 


L 
H 
H 
H 
L 
214 
16,384 
29 
512 
Disabled 
Low 
28 
256 


L 
H 
H 
H 
H 
215 
32,768 
29 
512 
Disabled 
Low 
28 
256 


H 
L 
L 
L 
L 
216 
65,536 
29 
512 
23 
8 
210 
1,024 


H 
L 
L 
L 
H 
217 
131,072 
29 
512 
23 
8 
210 
1,024 


H 
L 
L 
H 
L 
218 
262,144 
29 
512 
25 
32 
212 
4,096 


H 
L 
L 
H 
H 
219 
524,288 
29 
512 
25 
32 
212 
4,096 


H 
L 
H 
L 
L 
220 
1,048,576 
29 
512 
27 
128 
214 
16,384 


H 
L 
H 
L 
H 
221 
2,097,152 
29 
512 
27 
128 
214 
16,384 


H 
L 
H 
H 
L 
222 
4,194,304 
Disabled 
Low 
29 
512 
216 
65,536 


H 
L 
H 
H 
H 
223 
8,388,608 
Disabled 
Low 
29 
512 
216 
65,536 


H 
H 
L 
L 
L 
224 
16,777,216 
23 
8 
211 
2,048 
218 
262,144 


H 
H 
L 
L 
H 
225 
33,554,432 
23 
8 
211 
2,048 
218 
262,144 


H 
H 
L 
H 
L 
226 
67,108,864 
25 
32 
213 
8,192 
220 
1,048,576 


H 
H 
L 
H 
H 
227 
134,217,728 
25 
32 
213 
8,192 
220 
1,048,576 


H 
H 
H 
L 
L 
228 
268,435,456 
27 
128 
215 
32,768 
222 
4,194,304 


H 
H 
H 
L 
H 
229 
536,870,912 
27 
128 
215 
32,768 
222 
4,194,304 


H 
H 
H 
H 
L 
230 
1,073,741,824 
29 
512 
217 
131,072 
224 
16,777,216 


H 
H 
H 
H 
H 
231 
2,147,483,648 
29 
512 
217 
131,072 
224 
16,777,216 


Frequency 
Division 


Programming 
Inputs 
Q 
TP 


D 
C 
B 
A 
Binary 
Decimal 
Binary 
Decimal 


L 
L 
L 
L 
Inhibit 
Inhibit 
Inhibit 
Inhibit 
L 
L 
L 
H 
Inhibit 
Inhibit 
Inhibit 
Inhibit 
L 
L 
H 
L 
22 
4 
29 
512 
L 
L 
H 
H 
23 
8 
29 
512 


L 
H 
L 
L 
24 
16 
29 
512 
L 
H 
L 
H 
25 
32 
29 
512 
L 
H 
H 
L 
26 
64 
29 
512 
L 
H 
H 
H 
27 
128 
Disabled 
Low 


H 
L 
L 
L 
28 
256 
22 
4 
H 
L 
L 
H 
29 
512 
23 
8 
H 
L 
H 
L 
210 
1,024 
24 
16 
H 
L 
H 
H 
211 
2,048 
25 
32 


H 
H 
L 
L 
212 
4,096 
26 
64 
H 
H 
L 
H 
213 
8,192 
27 
128 
H 
H 
H 
L 
214 
16,384 
28 
256 
H 
H 
H 
H 
215 
32,768 
29 
512 


~National 
~ 
semiconductor 
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Quad 2-Multiplexers With Storage 


General Description 


These 
high speed 
quad two input multiplexers 
with storage 
utilize 
microCMOSTM 
Technology, 
3.5 
micron 
silicon 
gate 
P-well CMOS. 
Both circuits 
feature 
high noise immunity 
and 
low 
power 
consumption 
associated 
with 
CMOS 
circuitry, 
along 
with speeds 
comparable 
to low power 
Schottky 
TIL 
logic. 


These 
circuits 
are controlled 
by the signals 
WORD 
SELECT 
and CLOCK. 
When 
the WORD 
SELECT 
input is taken 
low 
Word 1 (Al, 
Bl, Cl and Dl) is presented 
to the inputs of the 
flip-flops, 
and when WORD SELECT 
is high Word 2 (A2, B2, 
C,2 and D2) is presented 
to the inputs 
of the flip-flops. 
The 
selected 
word is clocked 
to the output terminals 
on the neg- 
ative edge of the clock 
pulse. 


Connection 
Diagram 
Dual-In-Line 
Package 


DATA 
WORD 
INPUT 
aD 
CLOCK 
SELECT 
C1 


116 
15 
14 
13 
12 
11 
10 
9 


- 


1 
2 
3 
4 
5 
6 
7 
Is 


MM54HC298/MM74HC298 


54HC298 
(J) 
74HC298 
(J,N) 


Inputs 
Outputs 


Word 
Clock 
aA 
aB 
ac 
aD 
Select 


L 
.J.- 
a1 
bl 
cl 
dl 


H 
.J.- 
a2 
b2 
c2 
d2 


X 
H 
QAO Qeo 
Qeo 
QDO 


All 
inputs 
are 
protected 
from 
damage 
due 
to 
static 
dis- 
charge 
by diodes 
to Vee and ground. 


Features 


• 
Typical 
propagation 
delay, 
Clock 
to output: 
20 ns 


• 
Wide 
power 
supply 
range: 
2V-6V 


• 
Low quiescent 
current: 
80 fJoAmaximum 
(74HC 
series) 


• 
Low input current: 
1 fJoAmaximum 


H ~ 
High Level (steady state) 


L ~ 
Low Level (steady state) 


X = Don't Care (any input, including transitions) 
! = Transition from high to low level 


a1 J a2, etc. = The level of steady·state 
input at 
A1. A2. etc . 


OAO. OBO. etc. ~ 
The level of OA. Os. etc. en· 
tered on the most recent 
..L. 
transition 
of the 
clock input. 


Absolute Maximum Ratings (Notes 
1 & 2) 
Operating Conditions 


Supply Voltage 
(Veel 
-0.5 
to + 7.0V 
Mln 
Max 
Units 


DC Input Voltage 
(VIN) 
-1.5 
to Vee+1.5V 
Supply Voltage(Vcc) 
2 
6 
V 


DC Output Voltage 
(VOUT) 
-0.5 
to Vee+0.5V 
DC Input or Output Voltage 
0 
Vee 
V 


Clamp Diode Current 
(11K,'OK) 
±20mA 
(VIN,VOUT) 


DC Output 
Current, 
per pin (lOUT) 
±25mA 
Operating 
Temperature 
Range(T A) 
MM74HC 
-40 
+85 
·C 


DC Vcc or GND Current, 
per pin (Ieel 
±50mA 
MM54HC 
-55 
+125 
·C 


Storage 
Temperature 
Range (TSTG) 
-65·Cto 
+ 150·C 
Input Rise or Fall Times 
Power Dissipation 
(Po) (Note 3) 
500mW 
(t"tll 
Vee=2.0V 
1000 
ns 


Lead Temperature 
(TU (Soldering 
10 seconds) 
260·C 
Vee=4.5V 
500 
ns 


Vee=6.0V 
400 
ns 


DC Electrical Characteristics 
(Note 
4) 


TA=25·C 
74HC 
54HC 


Symbol 
Parameter 
Conditions 
Vcc 
TA= 
-40to 
85·C 
TA = -55 
to 125·C 
Units 
Typ 
Guaranteed 
Limits 


VIH 
Minimum 
High Level 
2.0V 
1.5 
1.5 
1.5 
V 


Input Voltage 
4.5V 
3.15 
3.15 
3.15 
V 


6.0V 
4.2 
4.2 
4.2 
V 


VIL 
Maximum 
Low Level 
2.0V 
0.3 
0.3 
0.3 
V 


Input Voltage 
4.5V 
0.9 
0.9 
0.9 
V 


6.0V 
1.2 
1.2 
1.2 
V 


VOH 
Minimum 
High Level 
VIN = VIH or VIL 


Output Voltage 
!louTI,;;20 
).LA 
2.0V 
2.0 
1.9 
1.9 
1.9 
V 


.4.5V 
4.5 
4.4 
4.4 
4.4 
V 


6.0V 
6.0 
5.9 
5.9 
5.9 
V 


VIN=VIHorVIL 
, 


IIOUTI';;4.0 
mA 
4.5V 
4.2 
3.98 
3.84 
3.7 
V 


IIOUTI ,;;5.2 mA 
6.0V 
5.7 
5.48 
5.34 
5.2 
V 


VOL 
Maximum 
Low Level 
VIN = VIH or VIL 


Output Voltage 
IIOUTI';;20 
).LA 
2.0V 
0 
0.1 
0.1 
0.1 
V 


4.5V 
0 
0.1 
0.1 
0.1 
V 


6.0V 
0 
0.1 
0.1 
0.1 
V 


VIN = VIH or VIL 


IloUTI';;4mA 
4.5V 
0.2 
0.26 
0.33 
0.4 
V 


!louTI ,;;5.2 mA 
6.0V 
0.2 
0.26 
0.33 
0.4 
V 


IIN 
Maximum 
Input 
VIN = Vee or GND 
6.0V 
±0.1 
±1.0 
±1.0 
).LA 


Current 


Ice 
Maximum 
Quiescent 
VIN=VeeorGND 
6.0V 
8.0 
80 
160 
).LA 


Supply Current 
IOUT=O ).LA 


Note 
1: Absolute 
Maximum 
Ratings are those values beyond which damage to the device may occur. 


, 
Note 2: Unless otherwise 
specified all voltages are referenced 
to ground. 


Note 
3: Power 
Dissipation 
temperature 
derating 
- 
plastic 
"N" 
package: 
-12 
mwrc 
from 
65°C 
to 85°C; 
ceramic 
"~JJ 
package: 
-12 
mWrC 
from 
100°C to 125·C. 


Note 
4: For a power supply of 5V ± 10% the worst case output voltages 
(VOH, and Vou occur for He at 4.5V. Thus the 4.5V values should be used when 
designing with this supply. Worst case VIH and VIL occur at Vcc= 
5.5V and 4.5V respectively. 
(The VJHvalue at 5.5V is 3.85V.) The worst case leakage current (IIN, 
Ice. and loz) occur for CMOS at the higher voltage and so the 6.QV values should be used. 


. 


AC Electrical 
Characteristics 


Vcc=5V, 
TA=25"C, 
Ct. =15 
pF, t,=lf=6 
ns 


Parameter 
Conditions 
Typ 
Guaranteed 
Units 
Limit 


tpLH 
Propagation 
Delay Time, 
21 
32 
ns 
. 


Low-to-High 
Level Ouput 


tpHL 
Propagation 
Delay Time, 
15 
32 
ns 


High-to-Low 
Level Output 


tw 
Width of Clock Pulse, 
10 
16 
ns 


High or Low Level 


tSETUP 
Setup Time 
Data 
5 
20 
ns 


Word Select 
10 
20 


tHOLD 
Hold Time 
Data 
-2 
0 
ns 


Word Select 
-2 
0 


1 


AC Electrical 
Characteristics 


CL =50 
pF, t,=tf=6 
ns 


54HC174HC 
74HC 
54HC 


Symbol 
Parameter 
Conditions 
Vcc 
TA=25"C 
TA= 
-40 
to 85"C 
TA= 
-55to 
125"C 
Units 
Typ 
Guaranteed 
Limits 


tpLH 
Propagation 
Delay Time 
2.0V 
75 
185 
231 
278 
ns 


Low-to-High 
Level 
4.5V 
25 
37 
46 
56 
ns 


Output 
6.0V 
20 
31 
39 
47 
ns 


tpHL 
Propagation 
Delay Time 
2.0V 
75 
185 
231 
278 
ns 


High-to-Low 
Level 
4.5V 
25 
37 
46 
56 
ns 


Output 
6.0V 
20 
31 
39 
47 
ns 


tw 
Width of Clock Pulse 
2.0V 
35 
80 
100 
120 
ns 


High or Low Level 
4.5V 
10 
16 
20 
24 
ns 


6.0V 
9 
14 
18 
21 
ns 


tTHL, tTLH 
Maximum 
Output 
Rise 
2.0V 
90 
75 
95 
110 
ns 


and Fall Time 
4.5V 
8 
15 
19 
22 
ns 


6.0V 
7 
13 
16 
19 
ns 


tSETUP 
Set-upTime 
Data 
2.0V 
35 
100 
125 
150 
ns 


4.5V 
5 
20 
25 
30 
ns 


6.0V 
4 
17 
21 
25 
ns 


Word 


Select 
2.0V 
40 
100 
125 
150 
ns 


4.5V 
10 
20 
25 
30 
ns 


6.0V 
9 
17 
21 
25 
ns 


tHOLD 
Hold Time 
Data 
2.0V 
-10 
0 
0 
0 
ns 


4.5V 
-3 
0 
0 
0 
ns 


6.0V 
-2 
0 
0 
0 
ns 


Word 
. 
Select 
2.0V 
-10 
0 
0 
0 
ns 


4.5V 
-3 
0 
0 
0 
ns 


6.0V 
-2 
0 
0 
0 
ns 


Typical Applications 


Figure 1 illustrates a BCD shift register that will shift an en- 
tire 4-bit BCD digit in one clock pulse. 
When the word select input is high and the registers are 
clocked, the contents of register 1 is transferred (shifted) to 
register 2, etc. In effect, the BCD digits are shifted one posi- 
tion. In addition, this application retains a parallel-load capa- 
bility which means that new BCD data can be entered into 
the entire register with one clock pulse. This arrangement 
can be modified to perform the shifting of binary data for any 
number of bit locations. 


Another 
function 
that 
can 
be 
implemented 
with 
the 
MM54HC298/MM74HC298 is a register that can be de- 
signed specifically for supporting multiplier or division opera- 
tions. Figure 2 is an example of a one place/two place shift 
register. 
When word select is low and the register is clocked. the 
outputs of the arithmetic/logic units (ALU's) are shifted one 
place. When word select is high and the registers are 
clocked, the data is shifted two places. 
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~National 
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semiconductor 


MM54HC299/MM74HC299 
8-Bit TRI-STATE® Universal Shift Register 


General Description 
This 8-bit TRI-STATE shift/storage register utilizes micro- 
CMOSTMTechnology, 3.5 micron silicon gate P-well CMOS. 
Along with the low power consumption and high noise im- 
munity of standard CMOS integrated circuits, it has the abili- 
ty to drive 15 LS-TIL loads. This circuit also features operat- 
ing speeds 
comparable 
to 
the 
equivalent 
low power 
Schottky device. 
The MM54HC299/MM74HC299 
features multiplexed in- 
puts/ outputs to achieve full 8-bit data handling in a single 
20-pin package. Due to the large output drive capability and 
TRI-STATE feature, this device is ideally suited for interfac- 
ing with bus lines in a bus oriented system. 
Two function select inputs and two output control inputs are 
used to choose the mode of operation as listed in the func- 
tion table. Synchronous parallel loading is accomplished by 
taking both function select lines SOand Sl high. This places 
the TRI-STATE outputs in a high impedance state, which 


permits data applied to the input/output lines to be clocked 
into the register. Reading out of the register can be done 
while the outputs are enabled in any mode. A direct overrid- 
ing CLEAR input is provided to clear the register whether 
the outputs are enabled or disabled. 
The 54HC174HC logic family is functionally as well as pinout 
compatible with the standard 54LS/74LS logic family. All 
inputs are protected from damage due to static discharge by 
internal diode clamps to Vcc and ground. 


Features 
• 
Typical operating frequency 40 MHz 
• 
Typical propagation delay: 20 ns 
• 
Low quiescent current: 80 p.A maximum (74HC) 
• 
High output drive for bus applications 
• 
Low quiescent current: 1 p.A maximum 


SHIFT 
SHIFT 
un 
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TL/F/5207-1 


TOP VIEW 


MM54HC299/MM74HC299 


54HC299~) 
74HC299 (J,N) 


Inputs 
Inputs/Outputs 
Outputs 


Function 
OUtput 
Mode 
Clear 
select 
Control 
Clock 
serial 
AlQA 
B/Qs 
1C/Qe 
D/Qo 
E/QE 
F/QF 
G/QG 
H/QH 
QA' 
QH' 


S1 
SO 
G1't 
G2t 
SL 
SR 


Clear 
L 
X 
L 
L 
L 
X 
X 
X 
L 
L 
L 
L 
L 
L 
L 
L 
L 
L 
L 
L 
X 
L 
L 
X 
X 
X 
L 
L 
L 
L 
L 
L 
L 
L 
L 
L 


Hold 
H 
L 
L 
L 
L 
X 
X 
X 
QAO 
Qso 
Qeo 
Qoo 
QED 
QFO 
QGO 
QHO 
QAO 
QHO 


H 
X 
X 
L 
L 
LorH 
X 
X 
QAO 
QSO 
Qeo 
Qoo 
QEO 
QFO 
QGO 
QHO 
QAO 
QHO 


Shift Right 
H 
L 
H 
L 
L 
i 
X 
H 
H 
QAn 
QSn 
Qeo 
QOn 
QEn 
QFn 
QGn 
H 
QGN 


H 
L 
H 
L 
L 
i 
X 
H 
L 
QAn 
QSn 
Qeo 
QOn 
QEn 
QFn 
QGn 
L 
QGN 


Shift Left 
H 
H 
L 
L 
L 
i 
H 
X 
QSn 
Qen 
QOn 
QEn 
QFn 
QGn 
QHn 
H 
QSn 
H 
H 
H 
L 
L 
L 
i 
L 
X 
QSn 
Qen 
QOn 
QEn 
QFn 
QGn 
QHn 
H 
QSn 
L 


Load 
H 
H 
H 
X 
X 
i 
X 
X 
a 
b 
c 
d 
e 
f 
9 
h 
a 
h 


Absolute Maximum Ratings (Notes 
1 & 2) 
Operating Conditions 


Supply Voltage 
(Veel 
-0.5 
to + 7.0V 
Mln 
~ax 
Units 


DC Input Voltage 
(VIN) 
-1.5 
to Vee+1.5V 
Supply Voltage(Veel 
2 
6 
V 


DC Output Voltage 
(VOUT) 
-0.5 
to Vee+0.5V 
DC Input or Output Voltage 
0 
Vee 
V 


Clamp Diode Current 
(leD) 
±20mA 
(VIN,VOUT) 


DC Output 
Current, 
per pin (lOUT) 
±25 
mA (QA" QH') 
Operating 
Temperature 
Range(TA) 
MM74HC 
-40 
+85 
'C 


±35 
mA (others) 
MM54HC 
-55 
+125 
'C 


DC Vee or GND Current, 
per pin (Ieel 
±70mA 
Input Rise or Fall Times 
Storage 
Temperature 
Range (T8TG) 
-65'Cto 
+ 150'C 
(t"tf) 
Vee=2.0V 
1000 
ns 


Power Dissipation 
(PD) (Note 3) 
500mW 
Vee=4.5V 
500 
ns 


Lead Temperature 
(TL.l (Soldering 
10 seconds) 
260'C 
Vee=6.0V 
400 
ns 


DC Electrical Characteristics 
(Note 
4) 


TA=25'C 
74HC 
54HC 


Symbol 
Parameter 
Conditions 
Vcc 
TA= 
-40 
to 85'C 
TA= 
-55to125'C 
Units 


Typ 
Guaranteed 
Limits 


VIH 
Minimum 
High Level Input 
. 
2.0V 
1.5 
1.5 
1.5 
V 


Voltage 
4.5V 
3.15 
3.15 
3.15 
V 


6.0V 
4.2 
4.2 
4.2 
V 


VIL 
Maximum 
Low Level Input 
2.0V 
0.3 
0.3 
0.3 
V 


Voltage 
4.5V 
0.9 
0.9 
0.9 
V 


6.0V 
1.2 
1.2 
1.2 
V 


VOH 
Minimum 
High Level 
VIN = VIH or VIL 


Output Voltage 
IIOUTI";20/LA 
2.0V 
2.0 
1.9 
1.9 
1.9 
V 


4.5V 
4.5 
4.4 
4.4 
4.4 
V 


6.0V 
6.0 
5.9 
5.9 
5.9 
V 


QA' & QH' Outputs 
VIN = VIH or VIL 
V 


IloUTI";4.0 
mA 
4.5V 
4.2 
3.98 
3.84 
3.7 
V 


1i0uTI ,,;5.2 mA 
6.0V 
5.7 
5.48 
5.34 
5.2 
V 


AlQA 
thru H/QH 
Outputs 
VIN = VIH or VIL 
V 


IIOUTI";6.0 
mA 
4.5V 
4.2 
3.98 
3.84 
3.7 
V 


IIOUTI ,,;].8 
mA 
6.0V 
5.7 
5.48 
5.34 
5.2 
V 


VOL 
Maximum 
Low Level 
VIN = VIH or VIL 


Output Voltage 
IiOUTI,,;20 
/LA 
2.0V 
0 
0.1 
0.1 
0.1 
V 


4.5V 
0 
0.1 
0.1 
0.1 
V 


6.0V 
0 
0.1 
0.1 
0.1 
V 


QA' and QH' Outputs 
VIN = VIH or VIL 
V 


IiOUTI";4 
mA 
4.5V 
0.2 
0.26 
0.33 
0.4 
V 


IIOUTI";5.2mA 
6.0V 
0.2 
0.26 
0.33 
0.4 
V 


AlQA 
thru H/QH Outputs 
VIN = VIH or VIL 
V 
IiOUT!,,;6 mA 
4.5V 
0.2 
0.26 
.0.33 
0.4 
V 
1i0uTI ,,;7.8 mA 
6.01l 
0.2 
0.26 
0.33 
0.4 
V 


IIN 
Maximum 
Input Current 
VIN=Vee 
or GND 
6.0V 
±0.1 
±1.0 
±1.0 
/LA 


loz 
Maximum 
Tri-State 
Output 
VouT=Veeor 
6.0V 
±0.5 
±0.5 
±1.0 
/LA 


GND 


Leakage 
Currrent 
G=VIH 


Ice 
Maximum 
Quiescent 
Supply 
VIN=Vec 
or GND 
6.0V 
8.0 
80 
160 
/LA 
Current 
10UT=0 
/LA 


Note 
1: Absolute 
Maximum Ratings are those values beyond which damage to the device may occur. 


Note 
2: Unless otherwise 
specified 
all voltages are referenced 
to ground. 


Note 
3: Power 
Dissipation 
temperature 
derating 
- 
plastic 
"N" 
package: 
-12 
mwrc 
from 
65°C to 85°C; 
ceramic 
"J" 
package: 
-12 
mWI'C 
from 
100'C to 125'C. 


Note 
4: For a power supply of 5V ±10% 
the worst-case 
output voltages 
(VOH, and VoL> occur for He at 4.5V. Thus the 4.5V values should be used when 
designing with this supply. Worst-case 
VIH and VIL occur at Vee=5.5V 
and 4.5V respectively. 
(The VIH value at 5.5V is 3.85V.) The worst-case 
leakage current 
(IIN' Ice. and lov 
occur for CMOS at the higher voltage and so the 6.0V values should be used. 


s:s: 
U1 
.~ 
:J:o 
N 
CD 
CD 
.......s:s: 
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~:J:o 
N 
CD 
CD 


AC Electrical Characteristics 
Vcc=5V, 
TA=25°C, 
t,.=t,=6 
ns, 
CL =45 
pF 


Symbol 
Parameter 
Conditions 
Typ 
Guaranteed 
Units 
Limit 


fMAX 
Maximum 
Operating 
40 
25 
MHz' 


Frequency 


tpHL, tpLH 
Maximum 
Propagation 
25 
35 
ns 


Delay, Clock to OA' or OH' 


tpHL 
Maximum 
Propagation 
39 
40 
ns 


Delay, Clear to OA' or OH' 


tpHL, tpLH 
Maximum 
Propagation 
CL =45pF 
25 
35 
ns 


Delay Clock to 0A-OH 


tpHL 
Maximum 
Propagation 
CL =45 
pF 
28 
40 
ns 


Delay, Clear to OA-OH 


tpZL, tpZH 
Maximum 
Enable Time 
CL =45pF 
10 
35 
ns 


RL =1 kO 


tpHZ, tpLZ 
Maximum 
Disable Time 
CL =5 
pF 
18 
25 
ns 


RL =1 kO 


Is 
Minimum 
Set-Up 
Select 
20 
ns 


Time 
Data 
20 


tH 
Minimum 
Hold 
Select 
0 
ns 


Time 
Data 
0 


tw 
Minimum 
Pulse Width 
12 
20 
ns 


IREM 
Clear Removal 
Time 
10 
ns 


AC Electrical 
Characteristics 
CL =50 
pF, t,.=t,=6 
ns unless 
otherwise 
specified 


TA=25°C 
74HC 
54HC 


Symbol 
Parameter 
Conditions 
Vcc 
TA= 
-40 
to 85°C 
TA = -55 
to 12SOC 
Units 
Typ 
Guaranteed 
Limits 


fMAX 
Maximum 
Operating 
Frequency 
2.0V 
5 
4 
3.5 
MHz 


4.5V 
25 
20 
18 
MHz 


6.0V 
29 
23 
20 
MHz 


!PHL,!PLH 
Maximum 
Propagation 
2.0V 
15 
170 
210 
240 
ns 


Delay Clock to OA' orOH' 
4.5V 
27 
38 
48 
54 
ns 


6.0V 
25 
35 
44 
49 
ns 


tpHL 
Maximum 
Propagation 
2.0V 
70 
200 
250 
280 
ns 


Delay Clear to 0A' orOH' 
4.5V 
30 
44 
55 
62 
ns 


6.0V 
26 
38 
46 
52 
ns 


tpHL, tpLH 
Maximum 
Propagation 
CL =50 
pF 
2.0V 
65 
170 
210 
240 
ns 


Delay Clock to OA-OH 
CL =150 
pF 
2.0V 
100 
206 
260 
295 
ns 


CL =50pF 
4.5V 
27 
38 
48 
54 
ns 


CL =150 
pF 
4.5V 
34 
46 
57 
66 
ns 


CL =50 
pF 
6.0V 
25 
35 
44 
49 
ns 


CL =150 
pF 
6.0V 
31 
39 
49 
55 
ns 


tpHL, tpLH 
Maximum 
Propagation 
CL =50pF 
2.0V 
70 
200 
250 
280 
ns 


Delay Clock to OA-OH 
CL =150 
pF 
2.0V 
110 
236 
295 
325 
ns 


CL =50pF 
4.5V 
30 
44 
55 
62 
ns 


CL =150 
pF 
4.5V 
37 
52 
65 
75 
ns 


CL =50pF 
6.0V 
26 
38 
46 
52 
ns 
. 
CL =150 
pF 
6.0V 
32 
46 
57 
64 
ns 


AC Electrical Characteristic 
(Continued) 


CL = 50 pF ns unless 
otherwise 
specified 


TA=25°C 
74HC 
54HC 


Symbol 
Parameter 
Conditions 
Vcc 
TA = -40 
to 85°_C TA = -55 
to 125°C 
Units 


Typ 
Guaranteed 
Limits 


tpZH. tPZL 
Maximum 
Output 
Enable 
RL =1 kO 


CL=50 
pF 
2.0V 
70 
160 
200 
225 
ns 


CL =150 
pF 
2.0V 
90 
220 
275 
310 
ns 


CL =50 
pF 
4.5V 
22 
32 
40 
45 
ns 


CL =150pF 
4.5V 
30 
44 
55 
62 
ns 


CL =50pF 
6.0V 
19 
28 
34 
38 
ns 


CL =150pF 
6.0V 
24 
47 
47 
51 
ns 


tpHZ. tpLZ 
Maximum 
Output 
Disable Time 
RL =1 kO 
2.0V 
70 
160 
200 
225 
ns 


CL =50pF 
4.5V 
22 
32 
40 
45 
ns 


6.0V 
19 
28 
34 
38 
ns 


ts 
Minimum 
Set Up Time. 
2.0V 
100 
125 
140 
ns 


Data Select SL or SR 
4.5V 
20 
25 
28 
ns 


6.0V 
17 
21 
25 
ns 


tH 
Minimum 
Hold Time 
2.0V 
0 
0 
0 
. ns 


Data Select. 
SL or SR 
4.5V 
0 
0 
0 
ns 


6.0V 
0 
0 
0 
ns 


tREM 
Minimum 
Clear Removal 
Time 
2.0V 
10 
10 
10 
ns 


4.5V 
10 
10 
10 
ns 


6.0V 
10 
10 
10 
ns 


tw 
Minimum 
Pulse Width. 
2.0V 
100 
125 
140 
ns 


Clock and Clear 
4.5V 
20 
25 
28 
ns 


6.0V 
17 
21 
25 
ns 


tr.tf 
Maximum 
Input Rise and Fall Time 
500 
500 
500 
ns 


tTHL. tTLH 
Maximum 
Output 
Rise 
2.0V 
60 
75 
90 
ns 


and Fall Time 
4.5V 
12 
15 
18 
ns 


6.0V 
10 
13 
15 
ns 


CPO 
Power Dissipation 
Outputs 
Enabled 
240 
pF 


Capacitance 
Outputs 
Disabled 
110 
pF 


CIN 
Maximum 
Input Capacitance 
5 
10 
10 
10 
pF 


Capacitance 


COUT 
Maximum 
Tri-State 
15 
20 
20 
20 
pF 


Output 
Capacitance 


Note 
5: CPO determines the no load dynamic power consumption, Po=Cpo 
Vcc2 
f+lcc 
Vcc. 
and the no load dynamic current consumption. 


Is- CPO 
V cc f+ Icc· 


Note 6: Refer to Section 1 for Typical MM54174HC 
AC Switching Waveforms 
and Test Circuits. 
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MM54HC354/MM74HC354, 
MM54HC356/MM74HC356 
8-Channel TRI-STATE® Multiplexers with Latches 


General 
Description 
The 
MM54HC354/MM74HC354 
and 
MM54HC356/ 


MM74HC356 utilize microCMOSTMTechnology, 3.5 micron 
silicon gate P-well CMOS. They exhibit the high noise immu- 
nity and low power dissipation of standard CMOS integrated 
circuits, along with the ability to drive 15 LS-TTL loads. Due 
to the large output drive capability and the TRI-STATE fea- 
ture, these devices are ideally suited for interfacing with bus 
lines in a bus organized system. 
These data selectors/multiplexers contain full on-chip bina- 
ry decoding to select one of eight data sources. The data 
select address is stored in transparent latches that are en- 
abled by a low level address on pin 11, SC. Data on the 8 
input lines is stored in a parallel input! output register which 
in the MM54HC354/MM74HC354 is composed of 8 trans- 
parent latches enabled by a low level on pin 9, DC, and in 
the MM54HC356/MM74HC356 is composed of 8 edge-trig- 
gered flip-flops, clocked by a low to high transition on pin 9, 
CLK. Both true (Y) and complementary 0Nl TRI-STATE out- 
puts are available on both devices. 


The 54HC/74HC logic family is functionally as well as pinout 
compatible with the standard 54LS/74LS-TTL logic family. 
All inputs are protected from damage due to static dis- 
charge by internal diode clamps to Vcc and ground. 


Features 
• 
Transparent latches on data select inputs 
• 
Choice of data registers: 
Transparent ('354) 
Edge-triggered ('356) 
• 
TRI-STATE complementary outputs with fan-out of 15 
LS-TTL loads 
• 
Typical propagation delay: 


Data to output ('354): 32 ns 
Clock to output ('346): 35 ns 
• 
Wide power supply range: 2V-6V 
• 
Low quiescent supply current: 80 IJoAmaximum 
• 
Low input current: 1 IJoAmaximum 
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H ~ highleve' 
(steady state) 


L ~ low level (steady state) 


X = irrelevant 
(any input, including transitions) 


Z - 
high-impedance 
state (off state) 
t = transition from low to high level 


DO ... 
07 = the level steady-state inputs at inputs 00 through 07, respec- 
tively, at the time of the low-la-high 
clock transition in the case of 'HC356 


DOn... 07 n = the level of steady state inputs at inputs DO through 07. 
respectively, 
before the most recent low-to-high 
transitton of data control or 
clock. 


tThis 
column shows the input address 
set-up with'S(; 
low. 


Absolute 
Maximum Ratings 
(Notes 
1 & 2) 
Operating 
Conditions 


Supply Voltage 
(Veel 
-0.5V 
to + 7.0V 
Mln 
Max 
Units 


DC Input Voltage 
(VIN) 
-1.5VtoVee+1.5V 
Supply Voltage(Veel 
2 
6 
V 


DC Output Voltage 
(VOUT) 
-0.5V 
to Vee+ 
0.5V 
DC Input or Output Voltage 
0 
Vcc 
V 


Clamp Diode Current 
(leD) 
±20mA 
(VIN.VOUT) 


DC Output Current, 
per pin (lOUT) 
±35mA 
Operating 
Temperature 
Range(T Al 
MM74HC 
-40 
+85 
'C 
DC Vcc 
or GND Current. 
per pin (Ieel 
±70mA 
MM54HC 
-55 
+125 
'C 
Storage 
Temperature 
Range (TSTG) 
- 65'C to + 150'C 
Input Rise or Fall Times 
Power Dissipation 
(Po) (Note 3) 
500mW 
(tr• tf) 
Vee=2.0V 
1000 
ns 


Lead Temperature 
(TLl (Soldering 
10 seconds) 
260'C 
VCC=4.5V 
500 
ns 
Vee=6.0V 
400 
ns 


DC Electrical Characteristics 
(Note 
4) 


TA=25'C 
74HC 
54HC 


Symbol 
Parameter 
Conditions 
Vcc 
TA= 
-40 
to 85'C 
TA = -55 
to 125'C 
Units 
Typ 
Guaranteed 
Limits 


VIH 
Minimum 
High Level Input 
2.0V 
1".5 
1.5 
1.5 
V 


Voltage 
, 


4.5V 
3.15 
3.15 
3.15 
V 


6.0V 
4.2 
4.2 
4.2 
V 


VIL 
Maximum 
Low Level Input 
2.0V 
0.3 
0.3. 
0.3 
V 


Voltage 
4.5V 
0.9 
0.9 
0.9 
V 


6.0V 
1.2 
1.2 
1.2 
V 


VOH 
Minimum 
High Level Output 
VIN = VIH or VIL 
Voltage 
IIOUTIS:20 I-'A 
2.0V 
2.0 
1.9 
1.9 
1.9 
V 


4.5V 
4.5 
4.4 
4.4 
4.4 
V 


6.0V 
6.0 
5.9 
5.9 
5.9 
V 


VIN = VIH or VIL 


!IOUT!S:6.0 mA 
4.5V 
4.2 
3.98 
3.84 
3.7 
V 


jIOUTIS:7.8 mA 
6.0V 
5.7 
5.48 
5.34 
5.2 
V 


VOL 
Maximum 
Low Level Output 
VIN=VIHorVIL 
Voltage 
liouTI<20 
I-'A 
2.0V 
0 
0.1 
0.1 
0.1 
V 


4.5V 
0 
0.1 . 
0.1 
0.1 
V 


6.0V 
0 
0.1 
0.1 
0.1 
V 


VIN = VIH or VIL 


liouTI S:6.0 mA 
4.5V 
0.2 
0.26 
0.33 
0.4 
V 


IIOUTI s:7.8 mA 
6.0V 
0.2 
0.26 
0.33 
0.4 
V 


IIN 
Maximum 
Input Current 
VIN = Vee or GND 
6.0V 
±0.1 
±1.0 
±1.0 
I-'A 


loz 
Maximum 
TRI-STATE 
Output 
VOUT=Vee 
or GND 
Leakage 
Current 
G1=Vee 
6.0V 
±0.5 
±5.0 
±10 
I-'A 


Ice 
Maximum 
Quiescent 
Supply 
VIN=Vee 
or GND 
6.0V 
8.0 
80 
160 
I-'A 
Current 
IOUT=O 
I-'A 


Note 1: Maximum 
Ratings are those values beyond which damage to the device may occur. 


Note 2: Unless otherwise 
specified all voltages are referenced 
to ground. 


Note 
3: Power Dissipation temperature 
derating - 
plastic "N" 
package: 
-12 
mwrc 
from 65°C to 85°C; ceramic "J" 
package: 
-12 
mWre 
from 
100'e to 125°e. 


Note 4: For a power supply of 5V ±10% the worst case outputvoltages (VOH.and You occur for He at4.5V. Thusthe 4.5V valuesshouldbe used when 
designingwithtIlissupply.WorstcaseV,HandV,Loccurat Vcc ~ 5.5Vand4.5Vrespectively.(TheV,Hvalueat5.5V is 3.85V.)Theworstcaseleakagecurrent(I,N. 
Ice. and loz) occur for CMOS at the higher voltage and so the 6.QV values should be used. 
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Symbol 
Parameter 
Conditions 
Typ 
Guaranteed 
Units 
limit 


tpHL. tpLH 
Maximum 
Propagation 
CL =45 
pF 
32 
46 
ns 


Delay 00-07 
to either Output 


tpHL. tpLH 
Maximum 
Propagation 
CL =45pF 
3a 
53 
ns 


Delay DC to either Output 


tpHL. tpLH 
Maximum 
Propagation 
CL =45pF 
40 
56 
ns 


Delay 50-52 
to either Output 


tPHL. tPLH 
Maximum 
Propagation 
CL =45pF 
42 
58 
ns 


Delay 5C to either Output 


tpZH. tpZL 
Maximum 
Output 
Enable Time 
RL =1 kO 
17 
24 
ns 


CL =45 
pF 


tpHZ. tpLZ 
Maximum 
Output 
Disable Time 
RL =1 kO 
23 
32 
ns 


CL =5pF 


ts 
Minimum 
5et-Up 
Time 
3 
10 
ns 


00-07 
to DC. 50-52 
to SC 


tH 
Minimum 
Hold Time 
0 
5 
ns 


00-07 
to DC. 50-52 
to SC 


tw 
Minimum 
Pulse Width. 5C or DC 
10 
15 
ns 
. 


Symbol 
Parameter 
Conditions 
Typ 
Guaranteed 
Units 
limit 


tpHL. tpLH 
Maximum 
Propagation 
CL =45 
pF 
35 
50 
ns 


Delay CLK to either Output 


tpHL. tpLH 
Maximum 
Propagation 
CL =45 
pF 
40 
56 
ns 


Delay 50-52 
to either Output 


tpHL. tpLH 
Maximum 
Propagation 
CL =45 
pF 
42 
58 
ns 


Delay SC to either Output 


tpZH. tpZL 
Maximum 
Output 
Enable Time 
RL =1 kO 
17 
24 
ns 


CL =45pF 


tpHZ. tpLZ 
Maximum 
Output Disable Time 
RL =1 kO 
23 
32 
ns 


CL =5 
pF 


ts 
Minimum 
5et-Up 
Time 
3 
10 
ns 


00-07 
to CLK. 50-52 
to 5C 


tH 
Minimum 
Hold Time 
0 
5 
ns 
00-07 
to CLK. 50-52 
to SC 


tw 
Minimum 
Pulse Width. 5C or CLK 
10 
15 
ns 


AC Electrical Characteristics 


Vcc=2.0-6.0V, 
CL =50 
pF, 
tr=tf=6 
ns 
(unless 
otherwise 
specified) 


MM54HC354/MM74HC354 


TA~2S'C 
74HC 
S4HC 


Symbol 
Parameter 
Conditions 
Vee 
TA~ 
-40to8S'C 
TA~-SSto12S'C 
Units 
Typ 
Guarantied 
Limits 


lpHL. tPLH 
Maximum 
Propagation 
CL ~50 pF 
2.0Y 
90 
235 
294 
352 
ns 


Delay 00-07 
to either Output 
CL ~150pF 
2.0Y 
100 
275 
344 
412 
ns 


CL ~50pF 
4.5Y 
35 
47 
59 
70 
ns 
CL~150pF 
4.5Y 
40 
55 
68 
83 
ns 


CL -50 
pF 
6.0Y 
26 
40 
50 
60 
ns 
CL ~l50pF 
6.0Y 
32 
46 
58 
69 
ns 


lpHL.lpLH 
Maximum 
Propagation 
CL ~50pF 
2.0Y 
115 
270 
337 
405 
ns 
Delay DC to either Output 
CL =150 pF 
2.0Y 
125 
310 
387 
465 
ns 


CL=50 
pF 
4.5Y 
40 
54 
68 
82 
ns 
CL ~150 pF 
4.5Y 
46 
62 
78 
93 
ns 


CL ~50pF 
6.0'J 
32 
46 
58 
69 
ns 
CL ~150pF 
6.0Y 
38 
52 
68 
78 
ns 


lpHL,lpLH 
Maximum 
Propagation 
CL =50pF 
2.0Y 
120 
285 
356 
427 
ns 
Delay SO-52 to either Output 
CL =150 pF 
2.0Y 
130 
325 
406 
488 
ns 


CL =50 pF 
4.5Y 
42 
57 
71 
86 
ns 
CL ~150pF 
4.5Y 
50 
65 
81 
97 
ns 


CL=50pF 
6.0Y 
34 
48 
60 
72 
ns 
CL =150 pF 
6.0Y 
40 
55 
69 
82 
ns 


lpHL.lpLH 
Maximum 
Propagation 
CL =50 pF 
2.0Y 
120 
300 
375 
450 
ns 
Delay ~ 
to either Output 
CL =150pF 
2.0Y 
110 
340 
425 
510 
ns 


CL -50 
pF 
4.5Y 
45 
60 
75 
90 
ns 
CL =150 pF 
4.5Y 
52 
68 
85 
102 
ns 


CL =50 pF 
6.0Y 
36 
51 
64 
77 
ns 
CL =150 pF 
6.0Y 
42 
68 
72 
87 
ns 


lpZH.lpZL 
Maximum 
Output Enable Time 
RL =1 kO 
CL =50 
pF 
2.0Y 
50 
125 
156 
188 
ns 
CL ~150 pF 
2.0Y 
60 
165 
206 
248 
ns 


CL =50pF 
4.5Y 
18 
25 
31 
38 
ns 
CL =150pF 
4.5Y 
25 
33 
41 
49 
ns 


CL=50pF 
6.0Y 
15 
21 
26 
32 
ns 
CL=150 pF 
6.0Y 
21 
28 
35 
42 
ns 


tpHZ. tpLZ 
Maximum 
Output Disable Time 
RL =1kO 
2.0Y 
68 
165 
206 
248 
ns 
CL=50pF 
4.5Y 
24 
33 
40 
46 
ns 
6.0Y 
20 
28 
35 
42 
ns 


Is 
Minimum Set-Up 
Time 
2.0Y 
6 
50 
60 
75 
ns 
00-07 
to DC. SO-52 
to ~ 
4.5Y 
3 
10 
13 
15 
ns 
6.0Y 
3 
10 
13 
15 
ns 


It< 
Minimum 
Hold Time 
2.0Y 
0 
5 
5 
5 
ns 
00-07 
to DC. SO-52 
to ~ 
4.5Y 
0 
5 
5 
5 
ns 
6.0Y 
0 
5 
5 
5 
ns 


tw 
Minimum 
Pulse Width 
2.0Y 
30 
60 
100 
120 
ns 
~orDC 
4.5Y 
10 
16 
20 
27 
ns 
6.0Y 
10 
15 
18 
20 
ns 


I,-.tf 
Maximum 
Input Rise and Fall Time 
2.0Y 
1000 
1000 
1000 
ns 
4.5Y 
500 
500 
500 
ns 
6.0Y 
400 
400 
400 
ns 


tTLH. tTHL 
Maximum 
Output Rise 
CL =50 pF 
2.0Y 
25 
60 
75 
90 
ns 
and Fall Time 
4.5Y 
7 
12 
15 
18 
ns 
6.0Y 
6 
10 
13 
15 
ns 


CPO 
Power 
Dissipation 
Capacitance 
(per package) 
(Note 5) 
Active 
150 
pF 
TRI-STATE 
50 
pF 


C,N 
Maximum 
Input Capacitance 
5 
10 
10 
10 
pF 


GoUT 
Maximum 
Output Capacitance 
15 
20 
20 
20 
pF 


Note 
5: CPO determines 
the 
no load 
dynamic 
power 
consumption, Po = Cpo 
Ycc' 
1+lcc 
Ycc. 
and 
the 
no load 
dynamic 
current 
consumption, 


Is=Cpo 
Yec 1+lcc· 


Note 
6: Refer 
to Section 
1 for Typical 
MM54174HC 
AC Switching 
Waveforms 
and Test Circuits. 


AC Electrical 
Characteristics 


Vcc=2.0-6.0V. 
CL =50 
pF. t,=tf=6 
ns (unless 
otherwise 
specified) 


MM54HC356/MM74HC356 


TA=25"C 
74HC 
54HC 


Symbol 
Parameter 
Conditions 
Vcc 
TA= 
-40 
to 85"C 
TA = -55 
to 125"C 
Units 
Typ 
Guaranteed 
Limits 


tpHL. tpLH 
Maximum 
Propagation 
CL =50 
pF 
2.0V 
100 
225 
318 
338 
ns 
Delay CLK to either Output 
CL=150pF 
2.0V 
110 
295 
369 
442 
ns 


CL =50 
pF 
4.5V 
36 
51 
63 
76 
ns 
CL =150 
pF 
4.5V 
42 
59 
73 
90 
ns 


CL =50 
pF 
6.0V 
28 
43 
53 
64 
ns 
CL=150pF 
6.0V 
34 
50 
63 
75 
ns 


tPHL. tPLH 
Maximum 
Propagation 
CL =50 
pF 
2.0V 
120 
285 
356 
427 
ns 
Delay 50-52 
to either Output 
CL =150 
pF 
2.0V 
130 
325 
406 
488 
ns 


CL =50 
pF 
4.5V 
42 
57 
71 
86 
ns 
CL=150pF 
4.5V 
50 
65 
81 
97 
ns 


CL =50 
pF 
6.0V 
34 
48 
60 
72 
ns 
CL=150pF 
6.0V 
40 
55 
69 
82 
ns 


tpHL. tpLH 
Maximum 
Propagation 
CL =50 
pF 
2.0V 
120 
300 
375 
450 
ns 
Delay 5C to either Output 
CL =150 
pF 
2.0V 
110 
340 
425 
510 
ns 


CL =50 
pF 
4.5V 
45 
60 
75 
90 
ns 
CL =150 
pF 
4.5V 
52 
68 
85 
102 
ns 


CL =50 
pF 
6.0V 
36 
51 
64 
77 
ns 
CL =150pF 
6.0V 
42 
58 
72 
87 
ns 


tpZH. tpZL 
Maximum 
Output 
Enable Time 
RL =1 kO 
CL =50 
pF 
2.0V 
50 
125 
156 
188 
ns 
CL =150 
pF 
2.0V 
60 
165 
206 
248 
ns 


CL =50 
pF 
4.5V 
18 
25 
31 
38 
ns 
CL =150 
pF 
4.5V 
25 
33 
41 
49 
ns 


CL =50 
pF 
6.0V 
15 
21 
26 
32 
ns 
CL =150 
pF 
6.0V 
21 
28 
35 
42 
ns 


tpHZ. tpLZ 
Maximum 
Output 
Disable Time 
RL =1 kO 
2.0V 
68 
165 
206 
248 
ns 
CL =50 
pF 
4.5V 
24 
33 
41 
49 
ns 
6.0V 
20 
28 
35 
42 
ns 


ts 
Minimum 
Set-Up Time 
2.0V 
6 
50 
50 
50 
ns 
00-07 
to CLK. 50-52 
to 5C 
4.5V 
3 
10 
10 
10 
ns 
6.0V 
3 
10 
10 
10 
ns 


tH 
Minimum 
Hold Time 
2.0V 
0 
5 
5 
5 
ns 
00-07 
to CLK. 50-52 
to 5C 
4.5V 
0 
5 
5 
5 
ns 
6.0V 
0 
5 
5 
5 
ns 


tw 
Minimum 
Pulse Width 
2.0V 
30 
80 
100 
120 
ns 
5Cto 
CLK 
4.5V 
10 
16 
20 
24 
ns 
6.0V 
10 
15 
18 
20 
ns 


t,.tf 
Maximum 
Input Rise and Fall Time 
2.0V 
1000 
1000 
1000 
ns 
4.5V 
500 
500 
500 
ns 
6.0V 
400 
400 
400 
ns 


tTLH. tTHL 
Maximum 
Output 
Rise 
CL =50 
pF 
2.0V 
25 
60 
75 
90 
ns 
and Fall Time 
4.5V 
7 
12 
15 
18 
ns 
6.0V 
6 
10 
13 
15 
ns 


CPO 
Power Dissipation 
Capacitance 
(per package) 


(Note 5) 
Active 
150 
pF 
TRI-STATE 
50 
pF 


CIN 
Maximum 
Input Capacitance 
5 
10 
10 
10 
pF 


COUT 
Maximum 
Output Capacitance 
15 
20 
20 
20 
pF 


Note 
5: CPO determines 
the 
no load 
dynamic 
power 
consumption, 
Po= CPO VCC2 f+ Ice 
Vcc. 
and the 
no load 
dynamic 
current 
consumption, 


IS~ CPD 
V CC f+ Ice· 


Note 6: Refer to Section 1 for Typical MM54174HC 
AC Switching Waveforms 
and Test Circuits. 
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MM54HC365/MM74HC365 
Hex TRI-STATE® Buffer 
MM54HC366/MM74HC366 
Inverting 
Hex TRI-STATE Buffer 
MM54HC367/MM74HC367 
Hex TRI-STATE Buffer 
MM54HC368/MM74HC368 
Inverting 
Hex TRI-STATE Buffer 


General Description 
These TRI-STATE buffers are general purpose high speed 
inverting 
and 
non-inverting 
buffers 
that 
utilize 
micro- 


CMOSTMTechnology, 3.5 micron silicon gate P-well CMOS. 
They have high drive current outputs which enable high 
speed operation even when driving large bus capacitances. 
These circuits possess the low power dissipation of CMOS 
circuitry, yet 
have speeds 
comparable 
to 
low 
power 


Schottky TTL circuits. All 4 circuits are capable of driving up 
to 15 low power Schottky inputs: 
The MM54174HC366 and the MM54/74HC368 are inverting 
buffers, where as the MM54/74HC365 and the MM541 
74HC367 are non-inverting buffers. The MM54/74HC365 
and the MM54174HC366 have two Tri-State control inputs 
(G1 and G2) which are NORed together to control all six 


gates. The MM54174HC367 and the MM54174HC368 also 
have two output enables, but one enable (G1) controls 4 
gates and the other (G2) controls the remaining 2 gates. 
All inputs are protected from damage due to static dis- 
charge by diodes to Vcc and ground. 


Features 
• 
Typical propagation delay: 15 ns 
• 
Wide operating voltage range: 2V-6V 
• 
Low input current: 1 ",A maximum 
• 
Low quiescent current: 80 ",A maximum (74 series) 


• 
Output drive capability: 15 LS-TTL loads 


1:1 
A1 
VI 
A2 
Y2 
A3 
Y3 
GN~ 
1:1 
A1 
Y1 
A2 
Y2 
A3 
Y3 
GND 


MM54HC365/MM74HC365 


TL/F/5209-1 
MM54HC366/MM74HC366 


TL/F/5209-2 


54HC365(J) 
74HC365 
(J,N) 
54HC366(J) 
74HC366 
(J,N) 


Vet 
ill 
AS 
Y6 
AS 
Y5 
A4 
Y4 
lice 
ill 
AS 
Y6 
AS 
Y5 
A4 
Y4 


16 
15 
14 
13 
12 
11 
1D 
16 
15 
14 
13 
12 
11 
10 


MM54HC367/MM74HC367 


54HC367 
(J) 
74HC367 
(J,N) 


MM54HC368/MM74HC368 


54HC368 
(J) 
74HC368 
(J,N) 


Absolute 
Maximum Ratings 
(Notes 
1 & 2) 
Operating 
Conditions 


Supply Voltage 
(Vcel 
-0.5 
to + 7.0V 
Mln 
Max 
Units 


DC Input Voltage 
(VIN) 
-1.5toVcc+1.5V 
Supply Voltage(Vcel 
2 
6 
V 


DC Output Voltage 
(Vour) 
-0.5 
to Vcc+0.5V 
DC Input or Output Voltage 
0 
Vcc 
V 


Clamp Diode Current 
(11K, 10K) 
±20mA 
(VIN,Vour) 


DC Output Current, 
per pin (lour) 
±35mA 
Operating 
Temperature 
Range(T A) 
MM74HC 
-40 
+85 
'C 
DC Vcc or GND Current, 
per pin (Icel 
±70mA 
MM54HC 
-55 
+125 
'C 
Storage 
Temperature 
Range (TsrG) 
-65'Cto 
+150'C 
Input Rise or Fall Times 


Power Dissipation 
(Po) (Note 3) 
500mW 
(tr,tf) 
Vcc=2.0V 
1000 
ns 


Lead Temperature 
(TtJ (Soldering 
10 seconds) 
260'C 
Vcc=4.5V 
500 
ns 


Vcc=6.0V 
400 
ns 


DC Electrical 
Characteristics 
(Note 
4) 


TA=25'C 
74HC 
54HC 


Symbol 
Parameter 
Conditions 
Vcc 
TA= 
-40 
to 85'C 
TA = -55 
to 125'C 
Units 
. 
Typ 
Guaranteed 
Limits 


VIH 
Minimum 
High Level Input 
2.0V 
1.5 
1.5 
1.5 
V 


Voltage 
4.5V 
3.15 
3.15 
3.15 
V 


6.0V 
4.2 
4.2 
4.2 
V 


VIL 
Maximum 
Low Level Input 
2.0V 
0.3 
0.3 
0.3 
V 


Voltage 
4.5V 
0.9 
0.9 
0.9 
V 


6.0V 
1.2 
1.2 
1.2 
V 


VOH 
Minimum 
High Level Output 
VIN = VIH or VIL 


Voltage 
Iiourl 
:s::20 /LA 
2.0V 
2.0 
1.9 
1.9 
1.9 
V 


4.5V 
4.5 
4.4 
4.4 
4.4 
V 


6.0V 
6.0 
5.9 
5.9 
5.9 
V 


VIN = VIH or VIL 


Ilourl:S::6.OmA 
4.5V 
4.2 
3.98 
3.84 
3.7 
V 


Iiourl Q.8 mA 
6.0V 
5.7 
5.48 
5.34 
5.2 
V 


VOL 
Maximum 
Low Level Output 
VIN = VIH or VIL 


Voltage 
liourl:S::20 
/LA 
2.0V 
0 
0.1 
0.1 
0.1 
V 


4.5V 
0 
0.1 
0.1 
0.1 
V 


6.0V 
0 
0.1 
0.1 
0.1 
V 


VIN = VIH or VIL 
Iiourl 
:S::6.0mA 
4.5V 
0.2 
0.26 
0.33 
0.4 
V 


liourl:s:: 7.8 mA 
6.0V 
0.2 
0.26 
0.33 
0.4 
V 


IIN 
Maximum 
Input Current 
VIN = Vcc or GND 
6.0V 
±0.1 
±1.0 
±1.0 
/LA 


loz 
Maximum 
TRI·STATE-Output 
Vour=Vcc 
or GND 
6.0V 
±0.5 
±5.0 
±10 
/LA 
Leakage 
Current 
G=VIH 


Icc 
Maximum 
Quiescent 
Supply 
VIN = VCC or GND 
6.0V 
8.0 
80 
160 
/LA 
Current 
lour=O 
/LA 


Note 1: Maximum 
Ratings are those values beyond which damage to the device may occur. 


Note 2: Unless otherwise 
specified 
all voltages are referenced 
to ground. 


Note 
3: Power 
Dissipation 
temperature 
derating 
- 
plastic 
uN" 
package: 
-12 
mwrc 
from 
65°C to 8S"'C; ceramic 
"J" 
package: 
-12 mWrC from 
100'C to 125'C. 


Note 4: For a power supply of 5V ± 10% the worst case outputvoltages(VOH.and You occur for He at 4.5V.Thusthe 4.5V valuesshouldbe used when 
designingwiththissupply.WorstcaseV,HandV,Loccurat Vec ~ 5.5Vand4.5Vrespectively.(TheV,Hvalueat 5.5Vis 3.85V.)Theworstcaseleakagecurrent(I'N. 
Ice. and lozl occur for CMOSat the highervoltageand so the 6.0Vvaluesshouldbe used. 


AC Electrical Characteristics 
MM54HC365/MM74HC365 


Vcc=5V. 
TA=25°C. 
tr=tf=6 
ns 


Symbol 
Parameter 
Conditions 
Typ 
Guaranteed 
Units 
Limit 


tpHL. tpLH 
Maximum 
Propagation 
CL =45pF 
15 
22 
ns 
Delay 


tpZH. tpzL 
Maximum 
Output 
Enable 
RL =1 kO 
29 
40 
ns 
Time 
CL =45 
pF 


tpHZ. tpLZ 
Maximum 
Output 
Disable 
RL =1 kO 
25 
36 
ns 
Time 
CL =5pF 


AC Electrical Characteristics 
MM54HC365/MM74HC365 


Vcc=2.0-6.0V. 
CL =50 
pF. tr=tf=6 
ns (unless 
otherwise 
specified) 


TA=25°C 
74HC 
54HC 


Symbol 
Parameter 
Conditions 
Vcc 
TA= 
-40to 
85°C 
TA = -55 
to 125°C 
UnIts 
Typ 
Guaranteed 
LImits 


tpHL. tpLH 
Maximum 
Propagation 
CL =50 
pF 
2.0V 
35 
105 
130 
150 
ns 
Delay 
CL =150 
pF 
2.0V 
45 
135 
168 
205 
ns 
CL =50 
pF 
4.5V 
14 
24 
30 
36 
ns 
CL =150 
pF 
4.5V 
17 
29 
36 
45 
ns 
CL =50 
pF 
6.0V 
11 
19 
24 
28 
ns 
CL =150 
pF 
6.0V 
15 
24 
30 
36 
ns 


tpZH. tpZL 
Maximum 
Output 
Enable 
RL =1 kO 
Time 
CL =50 
pF 
2.0V 
90 
230 
287 
345 
ns 
CL =150 
pF 
2.0V 
98 
245 
306 
367 
ns 
CL =50pF 
4.5V 
31 
44 
55 
66 
ns 
CL =150 
pF 
4.5V 
38 
53 
66 
80 
ns 
CL =50 
pF 
6.0V 
25 
35 
43 
52 
ns 
CL =150pF 
6.0V 
29 
41 
51 
62 
ns 


tPHZ. tPLZ 
Maximum 
Output 
Disable 
RL=1 
kO 
2.0V 
58 
175 
218 
260 
ns 
Time 
CL =50pF 
4.5'f 
26 
44 
55 
66 
ns 
6.0V 
22 
37 
46 
55 
ns 


tTHL. tTLH 
Maximum 
Output 
Rise 
CL =50pF 
2.0V 
25 
60 
75 
90 
ns 
and Fall Time 
4.5V 
7 
12 
15 
18 
ns 
6.0V 
6 
10 
13 
15 
ns 


CPO 
Power Dissipation 
Any Enabled 
45 
pF 
Capacitance 
(Note 5) 
A Input 
Any Disabled 
8 
pF 
A Input 


CIN 
Maximum 
Input 
5 
10 
10 
10 
pF 
Capacitance 


COUT 
Maximum 
Output 
10 
20 
20 
20 
pF 
Capacitance 


Note 
5: CPO determines 
the 
no load 
dynamic 
power 
consumption, 
Po= CPO Vcc2 
f+ Ice 
Vcc. 
and the 
no load 
dynamic 
current 
consumption, 
Is- CPOVcc f+ Ice· 


Nole 
6: Referto Section1 for TypicalMM54/74HCAC SwitchingWaveformsandTest Circuits. 


Truth Table 


Inputs 
Output 


G1 
G2 
A 
Y 


H 
X 
X 
Z 


X 
H 
X 
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L 
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H 
H 
L 
L 
L 
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AC Electrical Characteristics 
MM54HC366/MM74HC366 


Vcc=,5V. 
TA=25'C. 
tr=tf=6 
ns 


Symbol 
Parameter 
Conditions 
Typ 
Guaranteed 
Units 
Limit 


tpHL. tpLH 
Maximum 
Propagation 
CL =45pF 
12 
18 
ns 
Delay 


tpZL. tpZH 
Maximum 
Output 
Enable 
RL =1 kO 
29 
40 
ns 


Time 
CL =45 
pF 


tpHZ. tpLZ 
Maximum 
Output 
Disable 
RL =1 kO 
25 
36 
ns 


Time 
CL =5pF 


AC Electrical Characteristics 
MM54HC366/MM74HC366 


Vcc=2.0-6.0V. 
CL =50 
pF, tr=tf=6 
ns (unless 
otherwise 
specified) 


TA=25'C 
74HC 
54HC 


Symbol 
Parameter 
Conditions 
Vcc 
TA= 
-40 
to 85'C 
TA = -55 
to 125'C 
Units 


Typ 
Guaranteed 
Limits 


tpHL, tpLH 
Maximum 
Propagation 
CL =50pF 
2.0V 
33 
82 
102 
125 
ns 


Delay 
CL=150pF 
2.0V 
43 
107 
134 
160 
ns 


CL =50pF 
4.5V 
12 
19 
24 
30 
ns 


CL =150 
pF 
4.5V 
16 
26 
32 
39 
ns 


CL=50pF 
6.0V 
10 
16 
20 
24 
ns 


CL =150 
pF 
6.0V 
14 
22 
27 
33 
ns 


tpZH. tpZL 
Maximum 
Output 
Enable 
RL =1 kO 
ns 


Time 
CL =50pF 
2.0V 
90 
230 
287 
345 
ns 


CL =150 
pF 
2.0V 
98 
245 
306 
367 
ns 


CL =50 
pF 
4.5V 
31 
44 
55 
66 
ns 


CL =150 
pF 
4.5V 
38 
53 
66 
80 
ns 


CL =50 
pF 
6.0V 
25 
35 
43 
52 
ns 


CL =150 
pF 
6.0V 
29 
41 
51 
62 
ns 


tpHZ. tpLZ 
Maximum 
Output 
Disable 
RL =1 kO 
2.0V 
58 
175 
218 
260 
ns 


Time 
CL =50pF 
4.5V 
26 
44 
55 
66 
ns 


6.0V 
22 
37 
46 
55 
ns 


tTHL. tTLH 
Maximum 
Output 
Rise 
CL =50pF 
2.0V 
25 
60 
75 
90 
ns 


and Fall Time 
4.5V 
7 
12 
15 
18 
ns 


6.0V 
6 
10 
13 
15 
ns 


CPO 
Power Dissipation 
Any Enabled 
45 
pF 


Capacitance 
(Note 5) 
A Input 
Any Disabled 
6 
pF 


A Input 


CIN 
Maximum 
Input 
5 
10 
10 
10 
pF 


Capacitance 


COUT 
Maximum 
Output 
10 
20 
20 
20 
pF 


Capacitance 


Note 
5: CPO determines 
the no toad dynamic 
power consumption, PO=CPD Vcc2 
f+lcc 
Vcc. 
and the no load dynamic current 
consumption, 
Is~CPD Vcc f+1cc· 


Note 6: Refer to Section 1 for Typical MM54/74HC 
AC Switching Waveforms 
and Test Circuits. 


Truth Table 
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AC Electrical Characteristics 
MM54HC367/MM74HC367 


Vcc=5V. 
TA=25'C. 
t,=tf=6 
ns 


Symbol 
Parameter 
Conditions 
Typ 
Guaranteed 
Units 
. 


Limit 


tpHL. tpLH 
Maximum 
Propagation 
CL =45 
pF 
13 
22 
ns 
. 


Delay 


tpZL. tpZH 
Maximum 
Output 
Enable 
RL =1 kll 
23 
37 
ns 
Time 
CL =45 
pF 


tpHZ. tpLZ 
Maximum 
Output 
Disable 
RL =1 kll 
25 
33 
ns 
Time 
CL =5 
pF 


AC Electrical 
Characteristics 
MM54HC367/MM74HC367 


Vcc=2.0-6.0V. 
CL =50 
pF. t,=tf=6 
ns (unless 
otherwise 
specified) 


TA=25'C 
74HC 
54HC 


Symbol 
Parameter 
Conditions 
Vcc 
TA= 
-40 
to 85'C 
TA= 
-55 
to 125'C 
Units 
Typ 
Guaranteed 
Limits 


tpHL. tpLH 
Maximum 
Propagation 
CL =50pF 
2.0V 
35 
105 
130 
150 
ns 
Delay 
CL =150 
pF 
2.0V 
45 
135 
168 
205 
ns 
CL =50pF 
4.5V 
14 
24 
30 
36 
ns 
CL =150 
pF 
4.5V 
17 
29 
36 
45 
ns 
CL =50pF 
6.0V 
11 
19 
24 
28 
ns 
CL =150 
pF 
6.0V 
15 
24 
30 
36 
ns 


tpZH. tpzL 
Maximum 
Output 
Enable 
RL =1 kll 
ns 


Time 
CL =50pF 
2.0V 
69 
172 
216 
250 
ns 


CL =150 
pF 
2.0V 
75 
187 
233 
280 
ns 


CL =50pF 
4.5V 
24 
38 
47 
57 
ns 


CL =150 
pF 
4.5V 
29 
46 
57 
69 
ns 


CL =50pF 
6.0V 
22 
35 
43 
52 
ns 


CL =150pF 
6.0V 
26 
42 
52 
63 
ns 


tpHZ. tpLZ 
Maximum 
Output 
Disable 
RL =1 kll 
2.0V 
47 
117 
146 
220 
ns 


Time 
CL =50pF 
4.5V 
22 
35 
44 
52 
ns 


6.0V 
19 
31 
39 
46 
ns 


tTHL. tTLH 
Maximum 
Output 
Rise 
CL =50 
pF 
2.0V 
25 
60 
75 
90 
ns 


and Fall Time 
4.5V 
7 
12 
15 
18 
ns 
6.0V 
6 
1d 
13 
15 
ns 


CPO 
Power Dissipation 
Any Enabled 
45 
pF 
Capacitance 
(Note 5) 
A Input 
Any Disabled 
8 
pF 


A Input 


CIN 
Maximum 
Input 
5 
10 
10 
10 
pF 


Capacitance 


COUT 
Maximum 
Output 
10 
20 
20 
20 
pF 


Capacitance 


Note 
5: Cpo determines the no. load dynamic power 
consumption, PO=CPD vcc2 
f+lcc 
Vcc. 
and the no load dynamic 
current 
consumption, 
IS~CPD Vcc f+ICC' 


Note 6: Refer to Section 1 for Typical MM54/74HC 
AC Switching Waveforms 
and Test Circuits. 


Truth Table 


Inputs 
Output 


G 
A 
Y 


H 
X 
Z 


L 
H 
H 


L 
L 
L 


AC Electrical 
Characteristics 
MM54HC368/MM74HC368 


Vcc=5V, 
TA=25°C, 
t,=tf=6 
ns 


Symbol 
Parameter 
Conditions 
Typ 
Guaranteed 
Units 
Limit 


tpHL, tpLH 
Maximum 
Propagation 
CL =45 
pF 
11 
18 
ns 
Delay 


tpzL, tPZH 
Maximum 
Output 
Enable 
RL=1k!l 
23 
37 
ns 
Time 
CL =45pF 


tpHZ, tpLZ 
Maximum 
Output 
Disable 
RL =1 kO 
19 
33 
ns 
Time 
CL =5pF 


AC Electrical Characteristics 
MM54HC368/MM74HC368 


Vcc=2.0-6.0V, 
CL =50 
pF, t,=tf=6 
ns (unless 
otherwise 
specified) 


TA=25°C 
74HC 
54HC 


Symbol 
Parameter 
Conditions 
Vcc 
TA= 
-40to 
85°C 
TA = -55 
to 125°C 
Units 
Typ 
Guaranteed 
Limits 


tpHL, tpLH 
Maximum 
Propagation 
CL =50 
pF 
2.0V 
33 
82 
102 
125 
ns 
Delay 
CL =150 
pF 
2.0V 
43 
107 
134 
160 
ns 
CL =50 
pF 
4.5V 
12' 
19 
24 
30 
ns 
CL =150 
pF 
4.5V 
16 
26 
32 
39 
ns 
CL=50 
pF 
6.0V 
10 
16 
20 
24 
ns 
CL =150 
pF 
6.0V 
14 
22 
27 
33 
ns 


tpZH, tpZL 
Maximum 
Output 
Enable 
RL =1 kO 
ns 
Time 
CL =50pF 
2'.OV 
69 
172 
216 
250 
ns 
CL =150 
pF 
2.0V 
75 
187 
233 
280 
ns 
CL =50pF 
4.5V 
24 
38 
47 
57 
ns 
CL =150 
pF 
4.5V 
29 
46 
57 
69 
ns 
CL =50pF 
6.0V 
22 
35 
43 
52 
ns 
CL =150pF 
6.0V 
26 
42 
52 
63 
ns 


tpHZ, tpLZ 
Maximum 
Output 
Disable 
RL =1 kO 
2.0V 
47 
117 
146 
·220 
ns 
Time 
CL =50 
pF 
4.5V 
22 
35 
44 
52 
ns- 


6.0V 
19 
31 
39 
46 
ns 


tTHL, tTLH 
Maximum 
Output 
Rise 
CL =50 
pF 
2.0V 
25 
60 
75 
90 
ns 
and Fall Time 
4.5V 
7 
12 
15 
18 
ns 
6.0V 
6 
10 
13 
15 
ns 


CPD 
Power Dissipation 
Any Enabled 
45 
pF 
Capacitance 
(Note 5) 
A Input 
Any Disabled 
6 
pF 
A Input 


CIN 
Maximum 
Input 
5 
10 
10 
10 
pF 
Capacitance 


COUT 
Maximum 
Input 
10 
20 
20 
20 
pF 
Capacitance 


Note 
5: CPO determines 
the 
no load dynamic 
power 
consumption, PO=CPD 
VCC2 1+ICC 
Vcc. 
and 
the 
no load 
dynamic 
current 
consumption, 
Is~CPD VCC f+1cc· 


Note 6: Refer to Section 1 for Typical MM54/74HC 
AC Switching Waveforms and Test Circuits. 
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~National 
~ 
semiconductor 


MM54HC373/MM74HC373 
TRI-STATE® Octal 
0- Type Latch 


General Description 


These 
high 
speed' 
OCTAL 
OoTYPE 
LATCHES 
utilize 


microCMOSTM 
Technology, 
3.5 micron 
silicon 
gate 
P-well 


CMOS. They possess 
the high noise immunity 
and low pow- 


er consumption 
of standard 
CMOS 
integrated 
circuits, 
as 


well as the ability to drive 15 LS-TIL 
loads. Due to the large 


output 
drive 
capability 
and 
the 
TRI-STATE 
feature, 
these 


devices 
are ideally 
suited 
for interfacing 
with bus lines in a 


bus organized 
system. 


When 
the LATCH 
ENABLE 
input is high, the 0 outputs 
will 


follow 
the 
0 inputs. 
When 
the 
LATCH 
ENABLE 
goes 
low, 
data 
at the' D inputs 
will 
be retained 
at the 
outputs 
until 


LATCH 
ENABLE 
returns 
high again. When a high logic level 


is applied 
to the OUTPUT 
CONTROL 
input, all outputs 
go to 


a high impedance 
state, regardless 
of what signals 
are pres- 


ent 
at the other 
inputs 
and 
the 
state 
of the 
storage 
ele- 


ments. 


The 54HC/74HC 
logic family 
is speed, 
function, 
and pinout 


compatible 
with 
the 
standard 
54LS174LS 
logic 
family. 
All 


inputs are protected 
from damage 
due to static discharge 
by 


internal 
diode clamps 
to Vcc 
and ground. 


Features 


• 
Typical 
propagation 
delay: 
18 ns 


• 
Wide 
operating 
voltage 
range: 
2 to 6 volts 


• 
Low input current: 
1 p.A maximum 


• 
Low quiescent 
current: 
80 p.A maximum 
(74 series) 


• 
Output 
drive capability: 
15 LS-TIL 
loads 


OUTPUT 
10 


CONTROL 


LATCH 
ENABLE 
50 
G 


MM54HC373/MM74HC373 


54HC373 
(J) 
74HC373 
(J,N) 


Latch 
Output 
Enable 
Data 
373 
Control 
G 
Output 


L 
H 
H 
H 
L 
H 
L 
H 


L 
L 
X 
00 


H 
X 
X 
Z 


H = high level, L = low level 


00 = level of output before steady-state 
input condi· 
tions were established. 


Z = high impedance 


,- 


Absolute 
Maximum Ratings 
(Notes 
1 & 2) 
Operating 
Conditions 


Supply Voltage 
(Vcc) 
-0.5 
to +7.0V 
Mln 
Max 
Units 


DC Input Voltage 
(VIN) 
-1.5 
to Vcc+ 
1.5V 
Supply Voltage 
(Vcel 
2 
6 
V 


DC Output Voltage 
(Vour) 
-0.5 
to Vcc+0.5V 
DC Input or Output Voltage 
0 
Vcc 
V 


Clamp Diode Current 
(11K.10K) 
±20 
mA 
(VIN.Vour) 


DC Output Current, 
per pin (lour) 
±35 
mA 
Operating 
Temperature 
Range (TA) 
MM74HC 
-40 
+85 
"C 


DC Vcc or GND Current. 
per pin (Icel 
±70mA 
MM54HG 
-55 
+125 
"C 


Storage 
Temperature 
Range (TsrG) 
-65"Cto 
+150"C 
Input Rise or Fall Times 


Power Dissipation 
(Po) 
500mW 
(tr,tf) 
Vcc=2.0V 
1000 
ns 


Lead Temperature 
(TLl (Soldering 
10 seconds) 
260"C 
Vcc=4.5V 
500 
ns 


Vcc=6.0V 
400 
ns 


DC Electrical Characteristics 


TA=25"C 
74HC 
54HC 


Symbol 
Parameter 
Conditions 
Vcc 
TA= 
-40 
to 85"C 
TA = -55 
to 125"C 
Units 
Typ 
Guaranteed 
Limits 


VIH 
Minimum 
High Level 
2.0V 
1.5 
1.5 
1.5 
V 


Input Voltage 
4.5V 
3.15 
3.15 
3.15 
V 


6.0V 
4.2 
4.2 
4.2 
V 


VIL 
Maximum 
Low Level 
2.0V 
0.3 
0.3 
0.3 
V 


Input Voltage 
4.5V 
0.9 
0.9 
0.9 
V 


6.0V 
1.2 
1.2 
1.2 
V 


VOH 
Minimum 
High Level 
VIN = VIH or VIL 
Output Voltage 
liourl 
s:20 p.A 
2.0V 
2.0 
1.9 
1.9 
1.9 
V 


4.5V 
4.5 
4.4 
4.4 
4.4 
V 


6.0V 
6.0 
5.9 
5.9 
5.9 
V 


VIN = VIH or VIL 


liourlS:6.o 
mA 
4.5V 
4.2 
3.98 
3.84 
3.7 
V 


liourl 
s:7.8 mA 
6.0V 
5.7 
5.48 
5.34 
5.2 
V 


VOL 
Maximum 
Low Level 
VIN=VIH 
orVIL 
Output Voltage 
Iiourl 
s:20 p.A 
2.0V 
0 
0.1 
0.1 
0.1 
V 


4.5V 
0 
0.1 
0.1 
0.1 
V 


6.0V 
0 
0.1 
0.1 
0.1 
V 


VIN = VIH or VIL 


liourlS:6.0 
mA 
4.5V 
0.2 
0.26 
0.33 
0.4 
V 


liourl 
s:7.8 mA 
6.0V 
0.2 
0.26 
0.33 
0.4 
V 


IIN 
Maximum 
Input 
VIN=VccorGND 
6.0V 
±0.1 
±1.0 
±1.0 
p.A 


Current 


loz 
Maximum 
Tri-State 
VIN=VIH 
orVIL. 
OC=VIH 
6.0V 
±0.5 
±5 
±10 
p.A 


Output 
Leakage 
Vour=Vcc 
or GND 
Current 


Icc 
Maximum 
Quiescent 
VIN=VCC 
or GND 
6.0V 
8.0 
80 
160 
p.A 


Supply Current 
10ur=0 
p.A 


Note 1: Absolute 
Maximum 
Ratings are those values beyond which damage to the device may occur. 


Note 2: Unless otherwise 
specified all voltages are referenced 
to ground. 


Note 
3: Power Dissipation temperature 
derating - 
plastic "N" 
package: 
-12 
mwrc 
from 65°C to 85°C; ceramic "J" package: -12 mWrC from 


100"C to 12S"C. 


Note 4: For a power supply of 5V ±10% 
the worst case output voltages 
(VOH. and Vou occur for He at 4.5V. Thus the 4.5V values should be used when 


designing with this supply. Worst case VIH and VIL occur at Vcc =S.5V and 4.5V respectively. 
(The VIH value at 5.5V is 3.85V.) The worst case leakage current (1IN. 
Ice. and IOZ>occur for CMOS at the higher voltage and so the 6.0V values should be used. 


AC Electrical Characteristics 
Vcc=5V, 
TA=25'C. 
t,=tf=6 
ns 


Symbol 
Parameter 
Conditions 
Typ 
Guaranteed 
Limit 
Units 


tpHL. tpLH 
Maximum 
Propagation 
Delay. Data to Q 
CL =45pF 
18 
25 
ns 


tpHL. tpLH 
Maximum 
Propagation 
Delay. Clock to Q 
CL =45 
pF 
21 
30 
ns 


tpZH. tpZL 
Maximum 
Output 
Enable 
RL =1 kO 
20 
28 
ns 
Time 
CL =45 
pF 


tpHZ. tpLZ 
Maximum 
Output 
Disable 
~ 


RL =1 kO 
18 
25 
ns 
Time 
CL =5pF 


ts 
Minimum 
Set Up Time 
• 
5 
ns 


tH 
Minimum 
Hold Time 
10 
ns 


tw 
Minimum 
Pulse Width 
' , 
9 
16 
ns 


AC Electrical Characteristics 
Vcc=2.0-6.0V, 
CL =50 
pF. tr=t,=6 
ns (unless 
otherwise 
specified) 


TA=2S'C 
74HC 
S4HC 


Symbol 
Parameter 
Conditions 
Vcc 
TA= 
-40 
to 8S'C 
TA= 
-SSt012S'C 
Units 
Typ 
Guaranteed 
Limits 


tpHL. tpLH 
Maximum 
Propagation 
CL =50 
pF 
2.0V 
50 
150 
188 
225 
ns 
Delay. Data to Q 
CL=150pF 
2.0V 
80 
200 
250 
300 
ns 


CL =50pF 
4.5V 
22 
30 
37 
45 
ns 
CL =150 
pF 
4.5V 
30 
40 
50 
6U 
ns 


CL =50pF 
6.0V 
19 
26 
31 
39 
ns 
Ct:=150pF 
6.0V 
26 
35 
44 
53 
ns 


tpHL. tpLH 
Maximum 
Propagation 
CL =50 
pF 
2.0V 
63 
175 
220 
263 
ns 
Delay. Clock to Q 
CL =150 
pF 
2.0V 
110 
225 
280 
338 
ns 


CL =50 
pF 
4.5V 
25 
35 
44 
52 
ns 
CL =150 
pF 
4.5V 
35 
45 
56 
68 
ns 


CL =50 
pF 
6.0V 
21 
30 
37 
45 
ns 
CL =150 
pF 
6.0V 
28 
39 
49 
59 
ns 


tpZH. tpZL 
Maximum 
Output 
Enable 
RL =1 kO 


CL =50 
pF 
2.0V 
50 
150 
188 
225 
ns 
CL =150 
pF 
2.0V 
80 
200 
250 
300 
ns 


CL =50 
pF 
4.5V 
21 
30 
37 
45 
ns 
CL=150pF 
4.5V 
30 
40 
50 
60 
ns 


CL =50pF 
6.0V 
19 
26 
31 
39 
ns 
CL =150 
pF 
6.0V 
26 
35 
44 
53 
ns 


tpHZ. tpLZ 
Maximum 
Output 
Disable 
RL =1 kO 
2.0V 
50 
150 
188 
225 
ns 
Time 
CL =50pF 
4.5V 
21 
30 
37 
45 
ns 
6.0V 
19 
26 
31 
39 
ns 


ts 
Minimum 
Set Up Time 
2.0V 
5 
25 
31 
38 
ns 
4.5V 
2 
5 
6 
8 
ns 
6.0V 
2 
5 
6 
8 
ns 


tH 
Minimum 
Hold Time 
2.0V 
20 
50 
60 
75 
ns 
4.5V 
6 
10 
13 
20 
ns 
6.0V 
6 
10 
13 
20 
ns 


tw 
Minimum 
Pulse Width 
2.0V 
30 
80 
100 
, 
120 
ns 
4.5V 
10 
16 
20 
24 
ns 
6.0V 
9 
14 
18 
20 
ns 


tTHL. tTLH 
Maximum 
Output 
Rise 
CL =50pF 
2.0V 
25 
60 
75 
90 
ns 


I 
and Fall Time 
4.5V 
7 
12 
15 
18 
ns 
6.0V 
6 
10 
13 
15 
ns 


CPO 
Power Dissipation 
(per latch) 
Capacitance 
(Note 5) 
OC=Vcc 
30 
pF 
OC=GND 
50 
pF 


CIN 
Maximum 
Input Capacitance 
5 
10 
10 
10 
pF 


COUT 
Maximum 
Output Capacitance 
15 
20 
20 
20 
pF 


Note 
5: CPO determines 
the 
no load dynamic 
power 
consumption, 
PO=CPD 
Vcc2 
f+ICC 
VCC. and the 
no 
load 
dynamic 
current 
consumption, 


IS-CPD 
VCC f+1cc· 


Note 6: Refer to Section 1 for Typical MM54/74HC 
AC Switching Waveforms 
and Test Circuits. 


\ 


~National 
~ 
semiconductor 


MM54HC37 
4/MM7 4HC37 4 
TRI-STATE® Octal D-Type Flip-Flop 


General 
Description 


These 
high 
speed 
Octal 
D-Type 
Flip-Flops 
utilize 
micro- 
CMOSTM Technology, 
3.5 micron 
silicon 
gate P-well CMOS. 


They possess 
the high noise 
immunity 
and low power 
con- 
sumption 
of standard 
CMOS 
integrated 
circuits, 
as well as 
the ability to drive 15 LS-TIL 
loads. 
Due to the large output 
drive 
capability 
and the TRI-STATE 
feature, 
these 
devices 
are ideally suited for interfacing 
with bus lines in a bus orga- 
nized system. 


These 
devices 
are positive 
edge triggered 
flip-flops. 
Data at 
the D inputs, 
meeting 
the setup and hold time requirements, 
are transferred 
to the 0 outputs 
on positive 
going transitions 
of the CLOCK 
(CK) input. When 
a high logic level is applied 
to the OUTPUT 
CONTROL 
(OC) input, 
all outputs 
go to a 
high impedance 
state, 
regardless 
of what 
signals 
are pres- 
ent 
at the 
0lher 
inputs 
and 
the 
state 
of the 
storage 
ele- 
ments. 


The 54HC/74HC 
logic family 
is speed, 
function, 
and pinout 
compatible 
with 
the 
standard 
54LS/74LS 
logic 
family. 
All 
inputs are protected 
from damage 
due to static discharge 
by 
internal 
diode 
clamps 
to Vcc 
and ground. 


Features 


• 
Typical 
propagation 
delay: 20 ns 


• 
Wide 
operating 
voltage 
range: 2-6V 


• 
Low input current: 
1 ,.,.A maximum 


• 
Low quiescent 
current: 
80 ,.,.A maximum 


• 
Compatible 
with 
bus-oriented 
systems 


• 
Output 
drive capability: 
15 LS-TIL 
loads 


MM54HC374/MM74HC374 


54HC374 
(J) 
74HC374 
(J,N) 


Output 
Clock 
Data 
Output 
Control 


L 
i 
H 
H 


L 
i 
L 
L 


L 
L 
X 
00 
H 
X 
X 
Z 


H ~ High Level. L - 
Low Level 


X = Don't Care 
t = Transition 
from low-ta-high 


Z = High impedance 
state 


00 ~ The level of the output before steady state input 
conditions 
were 
established 


•Absolute Maximum Ratings (Notes 
1 & 2) 
Operating Conditions 


Supply Voltage 
(Vecl 
-0.5to 
+7.0V 
Mln 
Max 
Units 


DC Input Voltage 
(VIN) 
-1.5 
to Vee+1.5V 
Supply Voltage 
(Vecl 
2 
6 
V 


DC Output Voltage 
(VOUT) 
-0.5 
to Vee+0.5V 
DC Input or Output Voltage 
0 
Vee 
V 


Clamp Diode Current 
(11K, 10K> 
±20mA 
(VIN,VOUT) 


DC Output Current, 
per pin (lOUT) 
±35mA 
Operating 
Temperature 
Range (TA) 
MM74HC 
-40 
+85 
·C 


DC Vee or GND Current, 
per pin (Iecl 
±70mA 
• 
MM54HC 
-55 
+125 
·C 
Storage 
Temperature 
Range (TSTG) 
-65·C 
to + 150·C 
Input Rise or Fall Times 
Power Dissipation 
(Po) 
500mW 
(lr,ttl 
Vcc=2.0V 
1000 
ns 


Lead Temperature 
(TLl (Soldering 
10 seconds) 
.260·C 
Vee=4.5V 
500 
ns 


Vee=6.0V 
400 
ns 


DC Electrical Characteristics 


TA=2S·C 
74HC 
S4HC 


Symbol 
Parameter 
Conditions 
Vcc 
TA= 
-40to 
8S·C 
TA= 
-SSto12S·C 
Units 


Typ 
Guaranteed 
Limits 


VIH 
Minimum 
High Level 
2.0V 
1.5 
1.5 
1.5 
V 


Input Voltage 
4.5V 
3.15 
3.15 
3.15 
V 


6.0V 
4.2 
4.2 
4.2 
V 


VIL 
Maximum 
Low Level 
2.0V 
0.3 
0.3 
0.3 
V 


Input Voltage 
4.5V 
0.9 
0.9 
0.9 
V 


6.0V 
1.2 
1.2 
1.2 
V 


VOH 
Minimum 
High Level 
VIN = VIH or VIL 


Output 
Voltage 
IiOUT!';;20 
IJ-A 
2.0V 
2.0 
1.9 
1.9 
1.9 
V 


4.5V 
4.5 
4.4 
4.4 
4.4 
V 


6.0V 
6.0 
5.9 
5.9 
5.9 
V 


VIN = VIH or VIL 


IIOUTI';;6.0 
mA 
4.5V 
4.2 
3.98 
3.84 
3.7 
V 


IIOUTI';;7.8 
mA 
6.0V 
5.7 
5.48 
5.34 
5.2 
V 


VOL 
Maximum 
Low Level 
VIN = VIH or VIL 


Output Voltage 
IiOUT!';;20 
IJ-A 
2.0V 
0 
0.1 
0.1 
0.1 
V 


4.5V 
0 
0.1 
0.1 
0.1 
V 


6.0V 
0 
0.1 
0.1 
0.1 
V 


VIN = VIH or VIL 
liouTI ';;6.0 mA 
4.5V 
0.2 
0.26 
0.33 
0.4 
V 


liouTI,;; 
7.8 mA 
6.0V 
0.2 
0.26 
0.33 
0.4 
V 


IIN 
Maximum 
Input 
VIN=VeeorGND 
6.0V 
±0.1 
±1.0 
±1.0 
IJ-A 
Current 


loz 
Maximum 
Tri-State 
VIN=VIH:OC=VIH 
6.OV 
±0.5 
±5 
±10 
IJ-A 
Output 
Leakage 
VOUT=VeeorGND 


Current 


Ice 
Maximum 
Quiescent 
VIN=Vee 
or GND 
6.0V 
8.0 
80 
160 
IJ-A 
Supply Current 
IOUT=O IJ-A 


Note 
1: Absolute 
Maximum 
Ratings are those values beyond which damage to the device may occur. 


Note 
2: Unless otherwise 
specified 
all voltages 
are referenced 
to ground. 


Note 
3: Power Dissipation temperature 
derating - 
plastic "N" 
package: 
-12 
mwrc 
from 65°C to 85°C; ceramic "J" package: 
-12 
mWrC 
from 
100·C to 12S·C. 


Note 
4: For a power supply of 5V ±10% 
the worst case output voltages 
(VOH. and Vou occur for He at 4.5V. Thus the 4.5V values should be used when 
designing with this supply. Worst case VIH and VIL occur at Vcc =5.5V 
and 4.5V respectively. 
(The VIH value at 5.5V is 3.85V.) The worst case leakage current (lJN, 
Ice. and lozl 
occur for CMOS at the higher voltage and so the 6.0V values should be used. 


AC Electrical Characteristics 
Vcc=5V, 
TA=25·C, 
lr=lf=6 
ns 


Symbol 
Parameter 
Condition. 
Typ 
Guaranteed 
Unit. 
Umll 


fMAl( 
Maximum 
Operating 
50 
35 
MHz 


Frequency 


lpHL. tpLH 
Maximum 
Propagation 
CL ~45 pF 
20 
32 
ns 
Delay Clock to Q 


tpZH.tpZL 
Maximum 
Output 
Enable 
AL ~ kfi 


Time 
CL ~45 pF 
19 
28 
ns 


tpHZ. lpLZ 
Maximum Output Disable 
AL = kfi 
17 
25 
ns 


Time 
CL ~5 pF 


ts 
Minimum 
Set Up Time 
20 
ns 


tH 
Minimum 
Hold Time 
5 
ns 


tw 
Minimum 
Pulse Width 
9 
16 
ns 


AC Electrical Characteristics 
Vcc=2.0-6.0V, 
CL =50 
pF, 
tr=lf=6 
ns 
(unless 
otherwise 
specified) 


T•••~25·C 
74HC 
54HC 


Symbol 
Parameter 
Condition. 
Vcc 
T•••~ -40to85"C 
T•••~ -55 
to 125"C 
Unllo 
Typ 
Guaranteed 
Urnlt. 


fMAl( 
Maximum 
Operating 
CL -50 
pF 
2.0V 
6 
5 
4 
MHz 


Frequency 
4.5V 
30 
24 
20 
MHz 
6.0V 
35 
28 
23 
MHz 


lpHL, lpLH 
Maximum 
Propagation 
CL ~50 pF 
2.0V 
68 
180 
225 
270 
ns 
Delay, Clock to Q 
CL =150 pF 
2.0V 
110 
230 
268 
345 
ns 


CL -50pF 
4.5V 
22 
36 
45 
48 
ns 
CL -150 
pF 
4.5V 
30 
46 
57 
69 
ns 


CL =50 pF 
6.0V 
20 
31 
39 
46 
ns 
CL=150pF 
6.0V 
28 
40 
50 
60 
ns 


tpZH. lpZL 
Maximum 
Output Enable 
AL ~1kfi 


CL -50pF 
2.0V 
50 
150 
189 
225 
ns 
CL -150pF 
2.0V 
80 
200 
250 
300 
ns 


CL -50pF 
4.5V 
21 
30 
37 
45 
ns 
CL ~150 pF 
4.5V 
30 
40 
50 
60 
ns 


CL =50 pF 
6.0V 
19 
26 
31 
39 
ns 
CL =150 pF 
6.0V 
26 
35 
44 
53 
ns 


lpHZ. tpLZ 
Maximum 
Output 
Disable 
AL =1 kfi 
2.0V 
50 
150 
189 
225 
ns 
Time 
CL ~50pF 
4.5V 
21 
30 
37 
45 
ns 


- 
6.0V 
19 
26 
31 
39 
ns 


Is 
Minimum 
Set Up Time 
2.0V 
100 
125 
150 
ns 
4.5V 
20 
25 
30 
ns 
B.OV 
17 
21 
25 
ns 


tH 
Minimum 
Hold Time 
2.0V 
25 
31 
38 
ns 
4.5V 
5 
5 
5 
ns 
6.0V 
5 
5 
5 
ns 


tw 
Minimum 
Pulse Width 
2.0V 
30 
80 
100 
120 
ns 
4.5V 
9 
16 
20 
24 
ns 
6.0V 
B 
14 
18 
20 
ns 


tTHl. 
tTlH 
Maximum 
Output Rise 
CL -50 
pF 
2.0V 
25 
60 
75 
90 
ns 
and Fall Time 
4.5V 
7 
12 
15 
18 
ns 
B.OV 
6 
10 
13 
15 
ns 


tr,t, 
Maximum 
Input Rise and 
2.0V 
1000 
1000 
1000 
ns 
Fall Time 
4.5V 
500 
500 
500 
ns 
6.0V 
400 
400 
400 
ns 


Cpo 
Power 
Dissipation 
(per flip-flop) 
Capacitance 
(Note 5) 
OC=VCC 
30 
pF 
OC=GND 
50 
pF 


C,N 
Maximum 
Input Capacitance 
5 
10 
10 
10 
pF 


Note 
5: CPD determines 
the 
no load 
dynamic 
power 
consumption, 
Po=CPO 
Vcc2 
f+ICC 
Vcc. 
and 
the 
no 
load 
dynamic 
current 
consumption, 
IS~~po 
Vcc 
f+lcc· 


Note 6: Aefer to Section 1 for Typical 
MM54/74HC 
AC SWitching Waveforms 
and Test Circuits. 


~National 
~ 
semiconductor 


MM54HC390/MM74HC390 
Dual 4-Bit Decade Counter 
MM54HC393/MM74HC393 
Dual4-Bit 
Binary Counter 


General 
Description 


These 
counter 
circuits 
cortain 
independent 
ripple 
carry 


counters 
and utilize 
microCMOSTM 
Technology, 
3.5 micron 


silicon 
gate 
P-well CMOS. 
The MM54HC390/MM74HC390 
incorporate 
dual decade 
counters, 
each composed 
of a di- 


vide-by-two 
and a divide-by-five 
counter. 
The divide-by-two 


and divide-by-five 
counters 
can be cascaded 
to form 
dual 


decade, 
dual 
bi-quinary, 
or various 
combinations 
up to a 


single 
divide-by-100 
counter. 
The MM54HC393/M74HC393 


contain 
two 4-bit ripple carry binary counters, 
which 
can be 


cascaded 
to create 
a single divide-by-256 
counter. 


Each of the two 4-bit counters 
is incremented 
on the high to 


low transition 
(negative 
edge) 
of the clock 
input, 
and each 


has an independent 
clear 
input. When 
clear 
is set high all 


four bits of each counter 
are set to a low level. This enables 


count truncation 
and allows the implementation 
of divide-by- 


N counter 
configurations. 


Each. 
of 
the 
counters 
outputs 
can 
drive 
10 
low 
power 


Schottky 
TTL equivalent 
loads. These counters 
are function- 


aly as well as pin equivalent 
to the 54LS390/74LS390 
and 


the 54LS393/74LS393, 
respectively. 
All inputs 
are protect- 


ed from damage 
due to static discharge 
by diodes 
to Vc and 
ground. 


Features 


• 
Typical 
operating 
frequency: 
50 MHz 


• 
Typical 
propagation 
delay: 
13 ns (Ck to ON 


• 
Wide 
operating 
supply 
voltage 
range: 
2-6V 


• 
Low input current: 
<1 ,...A 


• 
Low quiescent 
supply 
current: 
80 ,...A maximum 
(74HC 
series) 


• 
Fanout 
of 10 LS-TTL 
loads 


VCC 
16 


2 
OUTPUT 


2A 
CLEAR 
2QA 
2B 


15 
13 


OUTPUTS 


2QB 


1A. 
1 
1QA 
1B 


CLEAR OUTPUT 


1QB 
1QC 
1Qo 
GNO 


OUTPUTS 


MM54HC390/MM74HC390 


54HC390 
(J) 
74HC390 
(J,N) 


Dual-ln-L1ne 
Package 


OUTPUTS 


CLEAR 
A 


QA 
Os 
QC 
QO 


2 
7 


1A 
1 
1QA 
1QB 
1QC 
1Qo 
GNO 
CLEAR • 


OUTPUTS 


TL/F/5337-2 


MM54HC393/MM74HC393 


54HC393 
(J) 
74HC393 
(J,N) 


Absolute 
Maximum Ratings 
(Notes 
1 & 2) 
Operating 
Conditions 


Supply Voltage 
(Vcc) 
-0.5 
to +7.0V 
Mln 
Max 
Units 


DC Input Voltage 
(VIN) 
-1.5 
to Vcc+1.5V 
Supply Voltage(Vcc) 
2 
6 
V 


DC Output Voltage 
(VOUT) 
-0.5 
to Vee+0.5V 
DC Input or Output Voltage 
0 
Vcc 
V 


Clamp Diode Current 
(11K, 10K) 
±20mA 
(VIN,VOUT) 


DC Output 
Current. 
per pin (lOUT) 
±25mA 
Operating 
Temperature 
Range(T Al 
MM74HC 
-40 
+85 
'C 
DC Vee or GND Current, 
per pin (Ieel 
±50mA 
MM54HC 
-55 
+125 
'C 
Storage 
Temperature 
Range (TSTG) 
-65'Cto 
+ 150'C 
Input Rise or Fall Times 
Power Dissipation 
(Po) (Note 3) 
500mW 
(t" tll 
Vee=2.0V 
1000 
ns 


Lead Temperature 
(TLl (Soldering 
10 seconds) 
260'C 
Vcc=4.5V 
500 
ns 
Vcc=6.0V 
400 
ns 


DC Electrical Characteristics 
(Note 
4) 


TA=25"C 
74HC 
54HC 


Symbol 
Parameter 
Conditions 
Vcc 
TA= 
-40 
to 85"C 
TA= 
-55to 
125"C 
Units 
Typ 
Guaranteed 
Limits 


VIH 
Minimum 
High Level 
2.0V 
1.5 
1.5 
1.5 
V 


Input Voltage 
4.5V 
3.15 
3.15 
3.15 
V 


6.0V 
4.2 
4.2 
4.2 
V 


VIL 
Maximum 
Low Level 
2.0V 
0.3 
0.3 
0.3 
V 


Input Voltage 
4.5V 
0.9 
0.9 
0.9 
V 


6.0V 
1.2 
1.2 
1.2 
V 


VOH 
Minimum 
High Level 
VIN = VIH or VIL 
Output Voltage 
IlOUT! s: 20 J.'A 
2.0V 
2.0 
1.9 
1.9 
1.9 
V 


4.5V 
4.5 
4.4 
4.4 
4.4 
V 


6.0V 
6.0 
5.9 
5.9 
5.9 
V 


VIN = VIH or VIL 


IIOUTIS:4.0 mA 
4.5V 
4.2 
3.98 
3.84 
3.7 
V 


IIOUT! s:5.2 mA 
6.0V 
5.7 
5.48 
5.34 
5.2 
V 


VOL 
Maximum 
Low Level 
VIN = VIH or VIL 
Output Voltage 
IloUTI s:20 J.'A 
2.0V 
0 
0.1 
0.1 
0.1 
V 


4.5V 
0 
0.1 
0.1 
0.1 
V 


6.0V 
0 
0.1 
0.1 
0.1 
V 


VIN = VIH or VIL 


IIOUT!S:4.0 mA 
4.5V 
0.2 
0.26 
0.33 
0.4 
V 


IloUTIS:5.2 
mA 
6.0V 
0.2 
0.26 
0.33 
0.4 
V 


IIN 
Maximum 
Input 
VIN=VccorGND 
6.0V 
±0.1 
±1.0 
±1.0 
J.'A 
Current 


Ice 
Maximum 
Quiescent 
VIN = Vee or GND 
6.0V 
8.0 
80 
160 
J.'A 
Supply Current 
IOUT=O 
J.'A 


Not. 
1: Absolute 
Maximum 
Ratings are those values beyond which damage 
to the device may occur. 


Note 
2: Unless otherwise 
specIfied 
all voltages 
are referenced 
to ground. 
,- 


Note 
3: Power Dissipationtemperature derating - 
plastic "N" package: -12 
mWrC from 65'C to 85'C; ceramic "J" package: -12 
mWrC from 


100'C to 125'C. 


Note 4: For a power supply of 5V ±10% the worst case outputvoltages (VOH,and You occur for HC at 4.5V.Thus the 4.5V valuesshouldbe used when 
designingw~hthissupply.WorstcaseV,HandV,Loccurat Vee= 5.5Vand4.5Vrespectively.(TheVIHvalueat 5.5Vis3.85V.)Theworstcaseleakagecurrent(IIN. 
Ice. and lov occurfor CMOSat the highervo~ageand so the 6.0Vvaluesshouldbe used. 


- 


AC Electrical Characteristics 
MM54HC390/MM74HC390 


Vcc=5V, 
TA=25'C, 
CL =15.pF, 
tr=tf=6 
ns 


Symbol 
Parameter 
Conditions 
Typ 
Guaranteed 
Limit 
Units 


fMAX 
Maximum 
Operating 
Frequency, 
Clock A or B 
50 
30 
MHz 


tpHL, tpLH 
Maximum 
Propagation 
Delay, Clock A to QA Output 
12 
20 
ns 


tpHL, tpLH 
Maximum 
Propagation 
Delay, Clock A to QC 
32 
50 
ns 


(QA connected 
to Clock B) 


tpHL, tpLH 
Maximum 
Propagation 
Delay, Clock B to Qs or Qo 
15 
21 
ns 


tpHL, tpLH 
Maximum 
Propagation 
Delay, Clock B to QC 
20 
32 
ns 


tpHL 
Maximum 
Propagation 
Delay, Clear to any Output 
15 
28 
ns 


·tREM 
Minimum 
Removal 
Time, Clear to Clock 
-2 
5 
ns 


tw 
Minimum 
Pulse Width, Clear or Clock 
10 
16 
ns 


AC Electrical Characteristics 
CL =50 
pF, tr=tf=6 
ns (unless 
otherwise 
specified) 


TA=25'C 
74HC 
54HC 


Symbol 
Parameter 
Conditions 
Vcc 
TA= 
-40 
to 85'C 
TA = -55 
to 125'C 
Units 
Typ 
Guaranteed 
Limits 


fMAX 
Maximum 
Operating 
2.0V 
5 
4 
3 
MHz' 


Frequency 
4.5V 
27 
21 
18 
MHz 
6.0V 
31 
24 
20 
MHz 


tpHL, tpLH 
Maximum 
Propagation 
2.0V 
45 
• 120 
150 
180 
ns 
Delay, Clock A to QA 
4.5V 
15 
24 
30 
35 
ns 
6.0V 
13 
21 
26 
31 
ns 


tpHL, tpLH 
Maximum 
Propagation 
2.0V 
100 
290 
360 
430 
ns 
Delay, Clock A to Qc 
4.5V 
35 
58 
72 
87 
ns 
(QA connected 
to Clock B) 
6.0V 
30 
50 
62 
75 
ns 


tpHL, tpLH 
Maximum 
Propagation 
2.0V 
50 
130 
160 
195 
ns 
Delay, Clock B to Qs or 
4.5V 
16 
26 
33 
39 
ns 


QO 
6.0V 
13 
22 
28 
33 
ns 


tpHL, tpLH 
Maximum 
Propagation 


, 


2.0V 
60 
185 
230 
280 
ns 
Delay, Clock B to Qc 
4.5V 
20 
37 
46 
55 
ns 
6.0V 
17 
32 
40 
48 
ns 


tpHL 
Maximum 
Propagation 
2.0V 
55 
165 
210 
250 
ns 
Delay, Clear to any Q 
4.5V 
17 
33 
41 
49 
ns 
6.0V 
15 
28 
35 
42 
ns 


tREM 
Minimum 
Removal 
Time 
2.0V 
25 
25 
25 
ns 
Clear to Clock 
4.5V 
5 
5 
5 
ns 
6.0V 
5 
5 
5 
ns 


tw 
Minimum 
Pulse Width 
2.0V 
30 
80 
100 
120 
ns 
Clear or Clock 
4.5V 
10 
16 
20 
24 
ns 
6.0V 
9 
14 
18 
20 
ns 


tTHL, tTLH 
Maximum 
Output 
Rise 
2.0V 
30 
75 
95 
110 
ns 
and Fall Time 
4.5V 
8 
15 
19 
22 
ns 
6.0V 
7 
13 
16 
19 
ns 


tr,tf 
Maximum 
Input Rise 
2.0V 
1000 
1000 
1000 
ns 
and Fall Time 
4.5V 
500 
500 
500 
ns 
6.0V 
400 
400 
400 
ns 


CPO 
Power Dissipation 
(per counter) 
55 
PF:: 


Capacitance 
(Note 5) 


CIN 
Maximum 
Input Capacitance 
5 
10 
10 
10 
pF 


Note 
5: CPO determines the no load dynamic power 'COnsumption, 
PO=CPD Vcc2 
f+lcc 
Vcc. 
and the no load dynamic current consumption. 


Is~CPD VCCf+lcc· 


Note 
6: Refer to Section 1 for Typical MM54174HC 
AC Switching Waveforms 
and Test Circuits. 


AC Electrical Characteristics 
MM54HC393/MM74HC393 


Ycc=5Y, 
TA=25°C, 
CL =15 
pF, tr=tf=6 
ns 


Symbol 
Parameter 
Conditions 
Typ 
Guaranteed 
Limit 
Units 


fMAX 
Maximum 
Operating 
Frequency 
50 
30 
MHz 


tpHL, tPLH 
Maximum 
Propagation 
Delay, Clock A to 0A 
13 
20 
ns 


tpHL, tpLH 
Maximum 
Propagation 
Delay, Clock A to Os 
19 
35 
ns 


tPHL, tpLH 
Maximum 
Propagation 
Delay, Clock A to Oc 
23 
42 
ns 


tpHL, tpLH 
Maximum 
Propagation 
Delay, Clock A to 00 
27 
50 
ns 


tpHL 
Maximum 
Propagation 
Delay. Clear to any 0 
15 
28 
ns 


tREM 
Minimum 
Removal 
Time 
-2 
5 
ns 


tw 
Minimum 
Pulse Width Clear or Clock 
10 
16 
ns 


AC Electrical Characteristics 
CL =50 
pf, 
tr=tf=6 
ns (unless 
otherwise 
specified) 


TA=25°C 
74HC 
54HC 


Symbol 
Parameter 
Conditions 
Vcc 
TA=-40t085°C 
TA = -55 
to 125°C 
Units 
Typ 
Guaranteed 
Limits 


fMAX 
Maximum 
Operating 
2.0Y 
5 
4 
3 
Frequency 
4.5Y 
27 
21 
18 
MHz 
6.0Y 
31 
24 
20 
MHz 


tpHL, tpLH 
Maximum 
Propagation 
2.0Y 
45 
120 
150 
180 
ns 
Delay Clock A to OA 
4.5Y 
15 
24 
30 
35 
ns 
6.0Y 
13 
21 
26 
31 
ns 


tpHL, tpLH 
Maximum 
Propagation 
2.0Y 
68 
190 
240 
285 
ns 
Delay Clock A to Os 
4.5Y 
23 
38 
47 
57 
ns 
6.0Y 
20 
32 
40 
48 
ns 


tpHL, tpLH 
Maximum 
Propagation 
2.0Y 
90 
240 
300 
360 
ns 
Delay Clock A to Oc 
4.5Y 
30 
48 
60 
72 
ns 
6.0Y 
26 
41 
51 
61 
ns 


tpHL, tpLH 
Maximum 
Propagation 
Delay 
2.0Y 
100 
290 
360 
430 
ns 
Clock to 00 
4.5Y 
35 
58 
72 
87 
ns 
6.0Y 
30 
50 
62 
75 
ns 


tpHL 
Maximum 
Propagation 
2.0Y 
54 
165 
210 
250 
ns 
Delay Clear to any 0 
4.5Y 
18 
33 
41 
49 
ns 
6.0Y 
15 
28 
35 
42 
ns 


tREM 
Minimum 
Clear Removal 
2.0Y 
25 
25 
25 
o/1S 
Time 
4.5Y 
5 
5 
5 
ns 
6.0Y 
5 
5 
5 
ns 


tw 
Minimum 
Pulse Width 
2.0Y 
30 
80 
100 
120 
ns 
Clear or Clock 
4.5Y 
10 
16 
20 
24 
ns 
6.0Y 
9 
14 
18 
20 
ns 


tTHL, tTLH 
Maximum 
Output 
Rise 
2.0Y 
30 
75 
95 
110 
ns 
and Fall Time 
4.5Y 
8 
15 
19 
22 
ns 
6.0Y 
7 
13 
16 
19 
ns 


tr,tf 
Maximum 
Input Rise 
1000 
1000 
1000 
ns 
and Fall Time 
500 
500 
500 
ns 
400 
400 
400 
ns 


CPO 
Power Dissipation 
(per counter) 
42 
pF 
Capacitance 
(Note 5) 


CIN 
Maximum 
Input Capacitance 
5 
10 
10 
10 
pF 


Note 
5: CPO determines the no load dynamic power consumption, Po=Cpo 
Vcc2 
1+lcc 
VCC, and the no load dynamic current consumption, 
Is=CPD Vcc f+lcc· 


Note 6: Refer to Section 1 for Typical MM54174HC 
AC Switching Waveforms 
and Test Circuits. 


L 
L 
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~National 
~ 
semiconductor 


MM54HC423/MM74HC423 
Dual Retriggerable 
Monostable Multivibrator 


General 
Description 
The MM54/74HC423 high speed monostable multivibrators 
(one shots) utilize microCMOSTMTechnology, 3.5 micron 
silicon gate P-well CMOS. They feature speeds comparable 
to low power Schottky TTL circuitry while retaining the low 
power and high noise immunity characteristic of CMOS cir- 
cuits. 
Each multivibrator features both a negative, A, and a posi- 
tive, B, transition triggered input, either of which can be 
used as an inhibit input. Also included is a clear input that 
when taken low resets the one shot. The 'HC423 cannot be 
triggered from clear. 
The 'HC423 is retriggerable. That is they may be triggered 
repeatedly while their outputs are generating a pulse and 
the pulse will be extended. 


Pulse width stability over a wide range of temperature and 
supply is achieved using linear CMOS techniques. The out- 
put pulse equation is simply: PW= (REXT)(CEXT);where PW 


MM54HC423/MM74HC423 


54HC423 
(J) 
74HC423 
(J,N) 


Inputs 
Outputs 


Cle8r 
A 
B 
Q 
Q 


L 
X 
X 
L 
H 


X 
H 
X 
L 
H 


X 
X 
L 
L 
H 
H 
L 
t 
J1. 
'1I 


H 
.j. 
H 
J1. 
'1I 


is in seconds, R is in ohms, and C is in farads. All inputs are 
protected from damage due to static discharge by diodes to 
Vcc and ground. 


Features 


• 
Typical propagation delay: 40 ns 
• 
Wide power supply range: 2V-6V 
• 
Low quiescent current: 80 ,..A maximum (74HC series) 
• 
Low input current: 1 ,..A maximum 
• 
Fanout of 10 LS-TTL loads 
• 
Simple pulse width formula T = RC 
• 
Wide pulse range: 400 ns to 
ex> (typ) 
• 
Part to part variation: ± 5% (typ) 
• 
Schmitt Trigger A & B inputs allow infinite rise and fall 
times on these inputs 


Vee 


~"m 


H 
- 
High Level 


L = 
Low Level 
1= Transition 
from Low to High 


J., = 
Transition 
from High to Low 


J1. 
~ 
One High Level Pulse 


L..I'" = 
One Low Level Pulse 


X = 
Irrelevant 


Absolute Maximum Ratings (Notes 
1 & 2) 
Operating Conditions 


Supply Voltage(Vecl 
-0.5V 
to + 7.0V 
Mln 
Max 
Units 


DC Input Voltage(VIN) 
-1.5V 
to Vee+ 
1.5V 
Supply Voltage(Vecl 
2 
6 
V 


DC Output Voltage(VOUT) 
-0.5Vto 
Vee+0.5V 
DC Input or Output Voltage 
0 
Vee 
V 


Clamp Diode Current(llK, 
10K) 
±20mA 
(VIN,VOUT) 


DC Output Current, 
per pin(IOUT) 
±25mA 
Operating 
Temperature 
Range(T Al 
MM74HC 
-40 
+85 
·C 
DC Vee or GND Current. 
per pin(lcc) 
±50mA 
MM54HC 
-55 
+125 
·C 


Storage 
Temperature 
Range(T STG) 
-65·Cto 
+150·C 


Power Dissipation(PD) 
(Note 3) 
500mW 


Lead Temperature(TL! 
(Soldering 
10 seconds) 
260·C 


- 


DCElectrical Characteristics 
(Note 4) 


TA=25·C 
74HC 
54HC 


Symbol 
Parameter 
Conditions 
Vcc 
TA= 
-40 
to 85·C 
TA = -55 
to 125·C 
Units 


Typ 
Guaranteed 
Limits 


VIH 
Minimum 
High Level Input 
2.0V 
1.5 
1.5 
1.5 
V 


Voltage 
4.5V 
3.15 
3.15 
3.15 
V 


6.0V 
4.2 
4.2 
4.2 
V 


VIL 
Maximum 
Low Level Input 
, 


2.0V 
0.3 
0.3 
0.3 
V 


Voltage 
4.5V 
0.9 
0.9 
0.9 
V 


6.0V 
1.2 
1.2 . 
1.2 
V 


VOH 
Minimum 
High Level 
VIN = V,H or VIL 


Output Voltage 
IIOUTI,;; 20 IJ-A 
2.0V 
2.0 
1.9 
1.9 
1.9 
V 


4.5V 
4.5 
4.4 
4.4 
4.4 
V 


. 
6.0V 
6.0 
5.9 
5.9 
5.9 
V 


VIN=VIHorVIL 
V 


IIOUTI,;; 4.0 mA 
4.5V 
3.96 
3.84 
3.7 
V 


IIOUTI,;; 5.2 mA 
6.0V 
5.46 
5.34 
5.2 
V 


VOL 
Maximum 
Low Level 
VIN = VIH or VIL 
Output Voltage 
IIOUTI ,;;20 IJ-A 
2.0V 
0 
0.1 
0.1 
0.1 
V 


4.5V 
0 
0.1 
0.1 
0.1 
V 
6.0V 
0 
0.1 
0.1 
0.1 
V 


VIN = VIH or VIL 
V 


liouTI';;4mA 
4.5V 
0.26 
0.33 
0.4 
V 


liouTI ,;;5.2 mA 
6.0V 
0.26 
0.33 
0.4 
V. 


IIN 
Maximum 
Input Current 
V'N=VeeorGND 
5.0V 
0.5 
0.5 
0.5 
IJ-A 


(Pins 7,15) 


IIN 
Maximum 
Input Current 
VIN=VccorGND 
6.0V 
±0.1 
±1.0 
±1.0 
IJ-A 


(All other pins) 


Ice 
Maximum 
Quiescent 
Supply 
VIN=VecorGND 
6.0V 
8.0 
80 
160 
IJ-A 


Current 
(Standby) 
IOUT=O 
IJ-A 


Ice 
Maximum 
Active Supply 
VIN = Vcc or GND 
2.0V 
36 
80 
110 
130 
IJ-A 


Current 
(per 
R/CEXT = 0.5Vee 
4.5V 
0.33 
1.0 
1.3 
1.6 
mA 
monostable) 
6.0V 
0.7 
2.0 
2.6 
3.2 
mA 


Note 
1: Maximum Ratings are those values beyond which damage to the device may occur. 


Note 
2: Unless otherwise 
specified 
all voltages are referenced 
to ground. 


Note 3: PowerDissipationTemperatureDereting:Plastic"N" Package:- 12mWrC from 6S·Cto 8S·CCeramic"J" Package:- 12mWrc from 100·Cto 12S·C 


Note 4: For a power supply of 5V ± 10% the worst-case 
output voltages 
(VOH. Vou 
occur for He at 4.5V. Thus the 4.5V values should be used when designing 


withthissupply.Worst-caseVIHandVILoccurat Vcc~S.SV and4.SVrespectively.(TheVIHvalueat S.SVis 3.8SV.)Theworst-caseleakagecurrent(iIN,Ice, and 
lozl occur for CMOSat the highervoltageand so the 6.0Vvaluesshouidbe used. 


I 
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tpLH 
Maximum 
Trigger 
Propagation 
22 
33 
ns 
Delay, A, B to Q 


tpHL 
Maximum 
Trigger 
Propagation 


. 


25 
42 
ns 
Delay, A, B to Q 


tpHL 
Maximum 
Propagation 
Delay, 


CleartoQ 
20 
27 
ns 


tpLH 
Maximul!!..Propagation 
Delay, 
CleartoQ 
22 
33 
ns 


tw 
Minimum 
Pulse Width, A, B or 
Clear 
14 
26 
ns 


tREM 
Minimum 
Clear RemovaL Time 
0 
ns 


tWO(MI 


Minimum 
Output 
Pulse Width 
CEXT=28pF 
N) 
400 
ns 


REXT=2 
kO 


two 
Output 
Pulse Width 
CEXT=1000pF 
10 
p's 
REXT=10 
kO 


AC Electrical Characteristics 
CL =50 
pF tr=tf=6 
ns (Unless 
otherwise 
specified) 


_" 
74HC 
54HC 


Symbol 
Parameter 
Conditions 
Vcc 
TA-25C 
TA=-40t085"C 
TA= 
-55 
to 125"C 
Units 


Typ 
Guaranteed 
Limits 


tpLH 
Maximum 
Trigger 
Propagation 
2.0V 
77 
169 
194 
210 
ns 
Delay, A, B or Clear to Q 
4.5V 
26 
42 
51 
57 
. ns 
6.0V 
21 
32 
39 
44 
ns 


tpHL 
Maximum 
Trigger 
Propagation 
2.0V 
88 
197 
229 
250 
ns 
Delay, A, B or Clear to a 
4.5V 
29 
48 
. 60 
67 
ns 
6.0V 
24 
38 
46 
51 
ns 


tpHL 
Maximum 
Propagation 
2.0V 
54 
114 
132 
143 
ns 
Delay, Clear to Q 
4.5V 
23 
34 
41 
45 
ns 
6.0V 
19 
28 
33 
36 
ns 


tpLH 
Maximum 
Propagation 
2.0V 
56 
116 
135 
147 
ns 
Delay, Clear to a 
4.5V 
25 
36 
42 
46 
ns 
6.0V 
20 
29 
34 
37 
ns 


tw 
Minimum 
Pulse Width 
2.0V 
57 
123 
144 
157 
ns 
A, B, Clear 
4.5V 
17 
30 
37 
42 
ns 
6.0V 
12 
21 
27 
30 
ns 


tREM 
Minimum 
Clear 
2.0V 
0 
0 
0 
0 
ns 
Removal 
Time 
4.5V 
0 
0 
0 
0 
ns 
6.0V 
0 
0 
0 
0 
ns 


tWO(MIN) 
Minimum 
Output 
CEXT=28 
pF 
2.0V 
1.5 
p's 
Pulse Width 
REXT=2 
kO 
4.5V 
450 
ns 
REXT=6 
kO (Vcc=2V) 
6.0V 
380 
ns 


two 
Output 
Pulse Width 
CEXT=0.1 
p.F 
Min 
4.5V 
1 
0.9 
ms 
REXT=10 
kO 


Max 
4.5V 
1 
1.1 
ms 


tTLH, tTHL 
Maximum 
Output 
Rise 
2.0V 
30 
75 
95 
110 
ns 
and Fall Time 
4.5V 
8 
15 
19 
22 
ns 
6.0V 
7 
13 
16 
19 
ns 


CIN 
Maximum 
Input 
12 
20 
20 
20 
pF 
Capacitance 
(Pins 7 & 15) 


CIN 
Maximum 
Input 
6 
10 
10 
10 
pF 
Capacitance 
(Other 
Inputs) 


CD 
0) 0 
A--fl 
rul__ n 
_ 


CDU--------- 


CD 
CD 
--------------------1 
1----- 


CLEAR 
L--.J 


Q) POSITIVE EDGE TRIGGER 


<l>NEGATIVE 
EDGE TRIGGER 


<l>POSITIVE EDGE TRIGGER 


<!> POSITIVE EDGE RE· TRIGGER (PULSE LENGTHENING) 


<l>RESET PULSE SHORTENING 


<i> CLEAR TRIGGER ('HC123, 'HC221 ONL V) 


FIGURE 
1. 


Typical 
Distribution 
of Output 
Typlcal1ms 
Pulse 
Width 


Pulse 
Width, 
Part to Part 
Variation 
vs. Supply 


u 
1.2 Vee-5V 
5 


~ 
TA=25°C 
TA=25°C 
4 
Rm=10kll 
1.0 
Rm=10kll 
/\ 
~ 


'$ 
3 
Cm~O.l "F 
0.8 
Cm=O.l"F 
~ 
2 
~ 
II 
~ 
<> 
ii' 
1 
~ 
'-' 
0.6 
~ 
- 
z 
0 
w 
..•...- 
~ 


•.... 
-1 
0.4 
I 
\ 
~ 
"" 
-2 
w 
~ -3 
> 
0.2 
I/' 
~ 
1'-. 
-4 
o I••• 


-5 
0.92 
0.96 
1.00 
1.04 
1.06 
1 
2 
3 
4 
5 
6 
7 


OUTPUT 
PULSEWIOTH1m,) 
POWER 
SUPPLYIV) 


TUF/5206-8 
TUF/5206-9 


TRIGGER 
OPERATION 


As shown 
in Figure 
1 and the logic diagram 
before 
an input 


trigger occurs. 
the one-shot 
is in the quiescent 
state with the 
o output 
low. 
and 
the 
timing 
capacitor 
CEXT completely 


charged 
to Vcc. 
When the trigger 
input A goes from Vcc 
to 


GND (while inputs 
8 and clear are held to Vccl 
a valid trig- 


ger 
is recognized. 
which 
turns 
on 
comparator 
C1 and 
N- 


Channel 
transistor 
N1 <D. At the same time the output 
latch 


is set. With transistor 
N1 on. the capacitor 
CEXT rapidly 
dis- 


charges 
toward 
GND 
until 
VREFl 
is reached. 
At this 
point 


the output 
of comparator 
C1 changes 
state 
and transistor 


N1 turns off. Comparator 
C1 then turns off while at the same 


time comparator 
C2 turns on. With transistor 
N1 off. the ca- 


pacitor 
CEXT begins 
to charge 
through 
the timing 
resistor, 


REXT. toward 
Vcc. 
When 
the voltage 
across 
CEXT equals 


VREF2, comparator 
C2 changes 
state 
causing 
the 
output 
latch to reset (0 goes low) while at the same time disabling 
comparator 
C2. This ends the timing cycle with the one-shot 


in the quiescent 
state, waiting 
for the next trigger. 


A valid trigger 
is also recognized 
when 
trigger 
input 8 goes 


from GND to Vcc 
(while input A is at GND and input clear is 


at Vcc®.) 


It should 
be noted 
that 
in the quiescent 
state 
CEXT is fully 


charged 
to Vcc causing 
the current 
through 
resistor 
REXT to 


be zero. 
80th 
comparators 
are "off" 
with the total 
device 


current 
due 
only 
to 
reverse 
junction 
leakages. 
An added 


feature 
of 
the 
'HC423 
is that 
the 
output 
latch 
is set 
via 


the 
input 
trigger 
without 
regard 
to the 
capacitor 
voltage. 


Thus. propagation 
delay from trigger 
to 0 is independent 
of 


the value of CEXT. REXT. or the duty cycle of the input wave- 
form. 


Typical 
Output 
Pulse 
Width 
vs. 
Timing 
Components 
10m 


l000p 
0.01" 
0.1" 
1" 
TIMINGCAPACITOR 
(F) 


TUF/5206-7 


Minimum 
REXT vs. 
Supply 
Voltage 
~.. 
6 
~ 
•• 
5 
~ 
\ 
'" 
4 
:z 
\ WORST;CASE 
:Ii~ 
3 
S 
2 
"'4..... 


:E 
•..•.. 
.•...••. 


::> 
TYPICAL 
:E 
1 
Z 
.,--- 
ii 


2 
3 
4 
5 
6 
POWER 
SUPPLY 
(V) 


TLIF/5206-10 


RETRIGGER 
OPERATION 


The 
'HC423 
is retriggered 
if a valid 
trigger 
occurs 
® fol- 
lowed 
by another 
trigger 
® before 
the 
0 
output 
has 
re- 
turned 
to the quiescent 
(zero) state. Any retrigger. 
after the 
timing 
node voltage 
at pin or has begun to rise from VREF1. 
but has not yet reached 
VREF2. will cause 
an increase 
in 
output 
pulse 
width 
T. When 
a'valid 
retrigger 
is initiated 
®. 


the voltage 
at the R/CEXT 
pin will again drop to VREFl be- 
fore progressing 
along 
the RC charging 
curve 
toward 
Voo. 


The 0 output 
will remain 
high until time T. after the last valid 
retrigger. 


RESET OPERATION 


These 
one shots 
may be reset during the generation 
of the 
output 
pulse. 
In the reset mode of operation, 
an input pulse 
on clear sets the reset latch and causes 
the capacitor 
to be 
fast 
charged 
to Vcc 
by turning 
on transistor 
01 
@. When 
the voltage 
on the capacitor 
reaches 
VREF2. the reset latch 
will clear and then 
be ready to accept 
another 
pulse. 
If the 
clear input is held low. any trigger 
inputs 
that occur 
will be 
inhibited 
and the 0 and Q outputs 
of the output 
latch will not 
change. 
Since the 0 output 
is reset when an input low level 
is detected 
on the Co input. the output 
pulse T can be made 
significantly 
shorter 
than the minimum 
pulse width specifica- 
tion. 


Typlcal1ms 
Pulse 
Width 
Variation 
vs. Temperature 
1.0 


0.8 


~ 
06 


~ 
0.4 


~ 
0.2 


~ 
0 
•...-0.2 
z 
~ 
-0.4 
~ -06 


-0.8 


-1.0 
-55 
-15 
25 
65 
TEMPERATURE 
(0e) 


'?'A National· 
~ 
semiconductor 


MM54HC533/MM74HC533 
TRI-STATE Octal D-Type Latch 
with Inverted Outputs 


General 
Description 


These 
high 
speed 
OCTAL 
D-TYPE 
LATCHES 
utilize 
microCMOSTM 
Technology, 
3.5 micron 
silicon 
gate 
P-well 
CMOS. They possess 
the high noise immunity 
and low pow- 
er consumption 
of standard 
CMOS 
integrated 
circuits, 
as 
well as the ability to drive 15 LS-TIL 
loads. 
Due to the large 
output 
drive 
capability 
and 
the 
TRI-ST ATE feature, 
these 
devices 
are ideally 
suited 
for interfacing 
with bus lines in a 
bus organized 
system. 


When 
the LATCH 
ENABLE 
input is high, the a outputs 
will 
follow 
the inversion 
of the D inputs. 
When 
the LATCH 
EN- 
ABLE 
goes 
low, data at the D inputs 
will be retained 
at the 
outputs 
until 
LATCH 
ENABLE 
returns 
high again. 
When 
a 
high logic level is applied 
to the OUTPUT 
CONTROL 
input, 
all outputs 
go to a high impedance 
state, regardless 
of what 
signals 
are present 
at the other 
inputs 
and the state 
of the 
storage 
elements. 


The 54HC174HC 
logic family 
is speed, 
function, 
and pinout 
compatible 
with 
the 
standard 
54LS/74LS 
logic 
family. 
All 
inputs are protected 
from damage 
due to static discharge 
by 
internal 
diode clamps 
to Vcc 
and ground. 


Features 


• 
Typical 
propagation 
delay: 
13 ns 


• 
Wide operating 
voltage 
range: 
2 to 6 volts 


• 
Low input current: 
1 /-LA maximum 


• 
Low quiescent 
current: 
80 /-LA, maximum 
(74HC 
series) 


• 
Compatible 
with bus-oriented 
systems 


• 
Output 
drive capability: 
15 LS-TIL 
loads 


LATCH 
ENABLE 
50 
G 


MM54HC533/MM74HC533 


54HC533 (J) 
74HC533 (J.N) 


Latch 
Output 
Enable 
Control 
G 
Data 
Output 


L 
H 
H 
L 
L 
H 
L 
H 
L 
L 
X 
00 
H 
X 
X 
Z 


H = high level. L = low level 


00 
:= level of output before steady-state input conditions 
were established. 


Z = high impedance 


Operating 
Conditions 


Min 
2 
o 


Absolute 
Maximum Ratings 
(Notes 
1 & 2) 


Supply Voltage 
(Veel 
-0.5 
to + 7.0V 


DC Input Voltage 
(VIN) 
-1.5 
to Vee+1.5V 


DC Output Voltage 
(VOUT) 
-0.5 
to Vee+ 
0.5V 


Clamp Diode Current 
(11K. 10K) 
± 20 mA 


DC Output 
Current. 
per pin (lOUT) 
± 35 mA 


DC Vee or GND Current. 
per pin (Ieel 
± 70 mA 


Storage 
Temperature 
Range 
(TSTG) 
- 65·C to + 150·C 


Power Dissipation 
(PD) 
500 mW 


Lead Temperature 
(TLl (Soldering 
10 seconds) 
260·C 


Max 
Units 
6 
V 


Vee 
V 


+85 
·C 


+125 
·C 


1000 
ns 
500 
ns 
400 
ns 


Supply Voltage 
(Veel 


DC Input or Output Voltage 


(VIN,VOUT) 


Operating 
Temperature 
Range (TA) 
MM74HC 
-40 
MM54HC 
-55 


Input Rise or Fall Times 
(tr• tt! 
Vee=2.0V 
Vee=4.5V 
Vcc=6.0V 


TA=2S·C 
74HC 
S4HC 


Symbol 
Parameter 
Conditions 
Vcc 
TA=-40to8S·C 
TA= 
-SSto12S·C 
Units 
Typ 
Guaranteed 
Limits 


VIH 
Minimum 
High Level 
2.0V 
1.5 
1.5 
1.5 
V 


Input Voltage 
• 
4.5V 
3.15 
3.15 
3.15 
V 


6.0V 
4.2 
4.2 
4.2 
V 


VIL 
Maximum 
Low Level 
2.0V 
0.3 
0.3 
0.3 
V 


Input Voltage 
4.5V 
0.9 
0.9 
0.9 
V 


6.0V 
1.2 
1.2 
1.2 
V 


VOH 
Minimum 
High Level 
VIN = VIH or VIL 
Output Voltage 
IIOUTI,;;2°IJoA 
2.0V 
2.0 
1.9 
1.9 
1.9 
V 


4.5V 
4.5 
4.4 
4.4 
4.4 
V 


6.0V 
6.0 
5.9 
5.9 
5.9 
V 


VIN = VIH or VIL 


lIoUTI ';;6.0 mA 
4.5V 
4.2 
3.98 
3.84 
3.7 
V 


IIOUTI';;7.8mA 
6.0V 
5.7 
5.48 
5.34 
5.2 
V· 


VOL 
Maximum 
Low Level 
VIN = VIH or VIL 
Output Voltage 
IIOUTI,;;20 IJoA 
2.0V 
0 
0.1 
0.1 
0.1 
V 


4.5V 
0 
0.1 
0.1 
0.1 
V 


6.0V 
0 
0.1 
0.1 
0.1 
V 


VIN=VIH 
orVIL 


IIOUTI';;6.0 
mA 
4.5V 
0.2 
0.26 
0.33 
0.4 
" 
IIOUTI';;7.8 
mA 
6.0V 
0.2 
0.26 
0.33 
0.4 
V 


IIN 
Maximum 
Input 
VIN=VccorGND 
6.0V 
±0.1 
±1.0 
±1.0 
IJoA 


Current 


loz 
Maximum 
Tri-State 
VIN=VIH 
orVIL. 
OC=VIH 
6.0V 
±0.5 
±5 
±10 
IJoA 


Output 
Leakage 
VOUT=Vee 
or GND 
Current 


Ice 
Maximum 
Quiescent 
VIN=VeeorGND 
6.0V 
8.0 
80 
160 
IJoA 


Supply Current 
IOUT=O 
IJoA 


Note 
1: Absolute 
Maximum 
Ratings are those vatues beyond which damage to the device may occur. 


Note 2: Unless otherwise 
specified all voltages are referenced 
to ground. 


Note 
3: Power Dissipation temperature 
derating - 
plastic "N" 
package: 
-12 
mwrc 
from 65°C to 85°C; ceramic "J" package: 
-12 
mwrc 
from 
100"C to 125·C. 


Note 
4: For a power supply of 5V ± 10% the worst case output voltages 
{VOH, and Vou occur for He at 4.5V. Thus the 4.5V values should be used when 
designing with this supply. Worst case VIH and VIL occur at Vcc=5.5V 
and 4.5V respectively. 
(The V1Hvalue at 5.5V is 3.85V.) The worst case leakage current (lINt 


Ice. and loz) occur for CMOS at the higher voltage and so the 6.0V values should be used. 


AC Electrical Characteristics 
Vcc=5V. 
TA=25°C, 
t,=t,=6 
ns 


Symbol 
Parameter 
Conditions 
Typ 
Guaranteed 
Limit 
Units 


tpHL. tpLH 
Maximum 
Propagation 
Delay, Data to Q 
CL =45pF 
18 
25 
ns 


tpHL. tPLH 
Maximum 
Propagation 
Delay, Enable to Q 
CL =45pF 
21 
30 
ns 


tpZH. tpZL 
Maximum 
Output 
Enable 
RL =1 kO 
20 
28 
ns 


1iime 
CL =45pF 


tpHZ. tpLZ 
Maximum 
Output 
Disable 
RL =1 kO 
18 
25 
I 
ns 
Time 
,! 
CL =5pF 


ts 
Minimum 
Set Up Time 
5 
ns 


tH 
Minimum 
Hold Time 
10 
ns 


tw 
Minimum 
Pulse Width 
- 
16 
ns 


AC Electrical Characteristics 
Vcc=2.0V-6.0V. 
CL =50 
pF, tr=t,=6 
ns (unless 
otherwise 
specified) 


TA=25°C 
74HC 
54HC 


Symbol 
Parameter 
Conditions 
Vcc 
TA = -40 
to 85°C 
TA = -55 
to 125°C 
Units 
Typ 
G\laranteed 
Limits 


tpHL. tpLH 
Maximum 
Propagation 
CL =50 
pF 
2.0V 
50 
150 
188 
225 
ns 


Delay. Data to Q 
CL =150 
pF 
2.0V 
80 
200 
250 
300 
ns 


CL =50pF 
4.5V 
22 
30 
37 
45 
ns 
CL =150 
pF 
4.5V 
30 
40 
50 
60 
ns 


CL =50 
pF 
6.0V 
19 
26 
31 
39 
ns 
CL =150 
pF 
6.0V 
26 
35 
44 
53 
ns 


tpHL. tpLH 
Maximum 
Propagation 
CL =50 
pF 
2.0V 
63 
175 
220 
263 
ns 
Delay. Enable to Q 
CL =150 
pF 
2.0V 
110 
225 
280 
338 
ns 


CL =50 
pF 
4.5V 
25 
35 
44 
52 
ns 
CL =150 
pF 
4.5V 
35 
45 
56 
68 
ns 


CL =50 
pF 
6.0V 
21 
30 
37 
45 
ns 


CL =150 
pF 
6.0V 
28 
39 
49 
59 
ns 


tPZH. tPZL 
Maximum 
Output 
Enable Time 
RL =1 kO 


CL =50 
pF 
2.0V 
50 
150 
188 
225 
ns 


CL =150 
pF 
2.0V 
80 
200 
250 
300 
ns 


CL =50 
pF 
4.5V 
21 
30 
37 
45 
ns 


CL =150 
pF 
4.5V 
30 
40 
50 
60 
ns 


CL =50pF 
6.0V 
19 
26 
31 
39 
ns 


CL =150 
pF 
6.0V 
26 
35 
44 
53 
ns 


tpHZ. tPLZ 
Maximum 
Output 
Disable 
RL =1 kO 
2.0V 
50 
150 
188 
225 
ns 
Time 
CL =50 
pF 
4.5V 
21 
30 
37 
45 
ns 


6.0V 
19 
26 
31 
39 
ns 


ts 
Minimum 
Set Up Time 
2.0V 
5 
25 
31 
38 
ns 


4.5V 
2 
5 
6 
8 
ns 


6.0V 
2 
5 
6 
8 
ns 


tH 
Minimum 
Hold Time 
2.0V 
20 
50 
60 
75 
ns 


4.5V 
6 
10 
13 
20 
ns 


6.0V 
6 
10 
13 
20 
ns 


tw 
Minimum 
Pulse Width 
2.0V 
30 
80 
100 
120 
ns 


4.5V 
10 
16 
20 
24 
ns 


6.0V 
9 
14 
18 
20 
ns 


tTHL, tTLH 
Maximum 
Output 
Rise 
CL =50pF 
2.0V 
25 
60 
75 
90 
ns 
and Fall Time 
4.5V 
7 
12 
15 
18 
ns 


6.0V 
6 
10 
13 
15 
ns 


CPO 
Power Dissipation 
Capacitance 
(Note 5) 
(per latch) 
OC=Vcc 
30 
pF 


OC=Gnd 
50 
pF 


CIN 
Maximum 
Input Capacitance 
5 
10 
10 
10 
pF 


COUT 
Maximum 
Output Capacitance 
}5 
20 
20 
20 
pF 


Note '5: CPO determines 
the 
no 
load 
dynamic 
power 
consumption, 
Po-CpO 
Vcc2 
f+ICC 
VCC. and 
the 
no 
load 
dynamic 
current 
consumption, 
Is-Cpo 
Vcc f+1cc· 


Note 6: Refer to Section 1 for Typical 
MM54174HC 
AC Switching Waveforms 
and Test Circuits. 


~National 
~ 
semiconductor 


MM54HC534/MM74HC534 
TRI-STATE® Octal D-Type Flip-Flop with Inverted Outputs 


General Description 


These 
high 
speed 
Octal 
D-Type 
Flip-Flops 
utilize 
micro- 


CMOSTM Technology, 
3.5 micron 
silicon gate P-well CMOS. 
They 
possess 
the high noise 
immunity 
and low power 
con- 
sumption 
of standard 
CMOS 
integrated 
circuits. 
as well as 


the ability to drive 15 LS-TIL 
loads. 
Due to the large output 


drive 
capability 
and the TAl-STATE 
feature, 
these 
devices 


are ideally 
suited for interfacing 
with bus lines in a bus orga- 


nized system. 


These 
devices 
are positive 
edge triggered 
flip-flops. 
Data at 


the 0 inputs, 
meeting 
the setup and hold time requirements, 


are transferred 
to the 0 outputs 
on positive 
going 
transi- 


tions 
of the CLOCK 
(CK) input. When 
a high logic 
level 
is 


applied 
to the OUTPUT 
CONTAOL 
(OC) input, all outputs 
go 


to a high impedance 
state, 
regardless 
of what 
signals 
are 


present 
at the 
other 
inputs 
and 
the 
state 
of the 
storage 


elements. 


The 54HC174HC 
logic family 
is speed, 
function. 
and pinout 


compatible 
with 
the 
standard 
54LS174LS 
logic 
family. 
All 
inputs are protected 
from damage 
due to static discharge 
by 


internal 
diode 
clamps 
to Vcc 
and ground. 


Features 


• 
Typical 
propagation 
delay: 
15 ns 


• 
Wide 
operating 
voltage 
range: 2-6V 


• 
Low input current: 
1 p.A maximum 


• 
Low quiescent 
current: 
80 p.A maximum 


• 
Compatible 
with bus-oriented 
systems 


• 
Output 
drive capability: 
15 LS-TIL 
loads 


MM54HC534/MM74HC534 


54HC534 (J) 
74HC534 (J,N) 


Output 
Clock 
Data 
Output 
Control 


L 
t 
H 
L 


L 
t 
L 
H 


L 
L 
X 
00 
H 
X 
X 
Z 


H - 
High level, 
l 
- 
low 
level 


X = Don't Care 
f = Transition 
from low-to-high 


Z = High impedance 
state 


50 = The level of the output before steady state 
input conditions 
were 
established 


Absolute Maximum Ratings 
(Notes 
1 & 2) 


Supply Voltage 
(Veel 
-0.5 
to + 7.0V 


DC Input Voltage 
(VIN) 
-1.5 
to Vee+1.5V 


DC Output Voltage 
(VOUT) 
-0.5 
to Vee+ 
0.5V 


Clamp Diode Current 
(11K. 10K) 
± 20 mA 


DC Output 
Current, 
per pin (lOUT) 
± 35 mA 


DC Vee or GND Current. 
per pin (Ieel 
± 70 mA 


Storage 
Temperature 
Range 
(T8TG) 
- 65'C to + 150'C 


Power Dissipation 
(Po) (Note 3) 
500 mW 


Lead Temperature 
(TJ (Soldering 
10 seconds) 
260'C 


Operating Conditions 


Mln 
2 
o 


Max 
Units 


6 
V 


vce 
V 


+85 
'C 
+125 
'C 


1000 
ns 


500 
ns 


400 
ns 


Supply Voltage 
(Veel 


DC Input or Output Voltage 


(VIN.VOUT) 


Operating 
Temperature 
Range (TA) 
MM74HC 
-40 
MM54HC 
-55 


Input Rise or Fall Times 
(tr• tl) 
Vee=2.0V 
Vee=4.5V 
Vee=6.0V 


TA=25'C 
74HC 
54HC 


Symbol 
Parameter 
Conditions 
Vcc 
TA=-40t085'C 
TA = -55 
to 125'C 
Units 


Typ 
Guaranteed 
Limits 


VIH 
Minimum 
High Level 
2.0V 
1.5 
1.5 
1.5 
V 


Input Voltage 
4.5V 
3.15 
3.15 
3.15 
V 


6.0V 
4.2 
4.2 
4.2 
V 


VIL 
Maximum 
Low Level 
2.0V 
0.3 
0.3 
0.3 
V 


Input Voltage 
4.5V 
0.9 
0.9 
0.9 
V 


6.0V 
1.2 
1.2 
1.2 
V 


VOH 
Minimum 
High Level 
VIN = VIH or VIL 


Output Voltage 
IIOUTI';;20",A 
2.0V 
2.0 
1.9 
1.9 
1.9 
V 


4.5V 
4.5 
4.4 
4.4 
4.4 
V 


6.0V 
6.0 
5.9 
5.9 
5.9 
V 


VIN = VIH or VIL 


!IOUTI';;6.0 
mA 
4.5V 
4.2 
3.98 
3.84 
·3.7 
V 


IIOUTI';;7.8 
mA 
6.0V 
5.7 
5.48 
5.34 
5.2 
V 


VOL 
Maximum 
Low Level 
VIN = VIH or VIL 


Output 
Voltage 
IIOUTI';;20 
",A 
2.0V 
0 
0.1 
0.1 
0.1 
V 


4.5V 
0 
0.1 
0.1 
0.1 
V 


6.0V 
0 
0.1 
0.1 
0.1 
V 


VIN = VIH or VIL 


IIOUTI ';;6.0 mA 
4.5V 
0.2 
0.26 
0.33 
0.4 
V 


IIOUTI';;7.8mA 
6.0V 
0.2 
0.26 
0.33 
0.4 
V 


IIN 
Maximum 
Input 
VIN=Vee 
or GND 
6.0V 
±0.1 
±1.0 
±1.0 
",A 
Current 


IOZ 
Maximum 
TRI-STATE 
VIN=VIH 
or VIL, OC=VIH 
6.0V 
±0.5 
±5 
±10 
",A 
Output 
Leakage 
VOUT=VCC 
or GND 


Current 


Ice 
Maximum 
Quiescent 
VIN=VeeorGND 
6.0V 
8.0 
80 
160 
",A 
Supply Current 
IOUT=O ",A 


Note 
1: Absolute 
Maximum 
Ratings are those values beyond which damage to the device may occur. 


Note 2: Unless otherwise 
specified 
all voltages are referenced 
to ground. 


Note 
3: Power Dissipation temperature 
derating - 
plastic "N" 
package: 
-12 
mwrc 
from 
65°C to 85°C; ceramic "J" package: 
-12 
mwrc 
from 
100'C to , 2S·C. 


Note 
4: For a power supply of 5V ± 10% the worst case output voltages 
(VOH. and Vou occur for He at 4.5V. Thus the 4.5V values should be used when 
designing with this supply. Worst case VIH and Vil occur at Vcc=5.5V 
and 4.5V respectively. 
(The VIH value at 5.5V is 3.85V.) The worst case leakage current (1IN. 


Ice. and lozl 
occur for CMOS at the higher voltage and so the 6.0V values should be used. 


AC Electrical Characteristics 
VCC=5V. 
TA=25"C. 
t,=tf=6 
ns 


Symbol 
Parameter 
Conditions 
Typ 
Guaranteed 
Limit 
Units 


fMAX 
Maximum 
Operating 
Frequency 
35 
MHz 


tpHL. tpLH 
Maximum 
Propagation 
Delay Clock to Q 
CL =45pF 
23 
32 
ns 


tpZH. tpZL 
Maximum 
Output 
Enable 
RL =1 kO 
21 
28 
ns 
Time 
CL =45pF 


tpHZ. tpLZ 
Maximum 
Output 
Disable 
RL =1 kO 
19 
25 
ns 
Time 
CL =5pF 


ts 
Minimum 
Set Up Time 
10 
20 
ns 


tH 
Minimum 
Hold Time 
0 
5 
ns 


tw 
Minimum 
Pulse Width 
9 
16 
ns 


AC Electrical Characteristics 
Vcc=2.0-6.0V, 
CL =50 
pF, t,.=tf=6 
ns (unless 
otherwise 
specified) 


TA=25"C 
74HC 
54HC 


Symbol 
Parameter 
Conditions 
Vcc 
TA= 
-40 
to 85"C 
TA = -55 
to 125"C 
Units 
Typ 
Guaranteed 
Limits 


fMAX 
Maximum 
Operating 
CL =50 
pF 
2.0V 
6 
5 
4 
MHz 
Frequency 
4.5V 
30 
24 
20 
MHz 
6.0V 
35 
28 
23 
MHz 


tpHL. tpLH 
Maximum 
prop~ation 
CL =50pF 
2.0V 
68 
180 
225 
270 
ns 
Delay, Clock to 
CL=150pF 
2.0V 
110 
230 
288 
345 
ns 


CL =50pF 
4.5V 
22 
36 
45 
48 
ns 
CL =150 
pF 
4.5V 
30 
46 
57 
69 
ns. 


CL =50pF 
6.0V 
20 
31 
39 
46 
ns 
CL =150 
pF 
6.0V 
28 
40 
50 
60 
ns 


tpZH, tPZL 
Maximum 
Output 
Enable Time 
RL =1 kO 


CL =50 
pF 
2.0V 
50 
150 
189 
225 
ns 
CL =150 
pF 
2.0V 
80 
200 
250 
300 
ns 


CL =50 
pF 
4.5V 
21 
30 
37 
45 
ns 
CL =150 
pF 
4.5V 
29 
40 
50 
60 
ns 


CL =50 
pF 
6.0V 
19 
26 
31 
39 
ns 
CL =150 
pF 
6.0V 
25 
35 
44 
53 
ns 


tPHZ. tpLZ 
Maximum 
Output 
Disable 
RL =1 kO 
2.0V 
50 
150 
189 
225 
ns 
Time 
CL =50pF 
4.5V 
21 
30 
37 
45 
ns 
6.0V 
19 
26 
31 
39 
ns 


ts 
Minimum 
Set Up Time 
2.0V 
100 
125 
150 
ns 
4.5V 
20 
25 
30 
ns 
6.0V 
17 
21 
25 
ns 


tH 
Minimum 
Hold Time 
2.0V 
5 
5 
5 
ns 
4.5V 
5 
5 
5 
ns 
6.0V 
5 
5 
5 
ns 


tw 
Minimum 
Pulse Width 
2.0V 
80 
100 
120 
ns 
4.5V 
16 
20 
24 
ns 
6.0V 
14 
18 
20 
ns 


tTHL, tTLH 
Maximum 
Output 
Rise 
CL =50 
pF 
2.0V 
25 
60 
75 
90 
ns 
and Fall Time 
4.5V 
7 
12 
15 
18 
ns 
6.0V 
6 
10 
13 
15 
ns 


t,., tf 
Maximum 
Input Rise and Fall Time 
1000 
1000 
1000 
ns 
500 
500 
500 
ns 
400 
400 
400 
ns 


CPD 
Power Dissipation 
(per flip-flop) 
pF 
Capacitance 
(Note 5) 
OC=Vcc 
30 
OC=Gnd 
50 


CIN 
Maximum 
Input Capacitance 
5 
10 
10 
10 
pF 


COUT 
Maximum 
Output Capacitance 
15 
20 
20 
20 
pF 


NOt8 5: CpO determines 
the 
no load dynamic 
power 
consumption. Po~ CPO Vee2 
1+ Ice 
Vee. 
and the 
no 
load 
dynamic 
current 
consumption, 
Is=Cpo Vee 1+lee· 
Note 6: Refer to Section 1 for Typical MM54/74HC 
AC Switching Waveforms 
and Test Circuits. 


~National 
~ 
semiconductor 


MM54HC540/MM74HC540 
Inverting Octal TRI-STATE® Buffer 
MM54HC541/MM74HC541 
Octal TRI-ST ATE Buffer 


General Description 


These 
TRI-STATE 
buffers 
utilize 
microCMOSTM 
Technolo- 
gy. 3.5 micron 
silicon gate P-well CMOS. They possess 
high 


drive 
current 
outputs 
which 
enable 
high 
speed 
operation 


even 
when 
driving 
large 
bus capacitances. 
These 
circuits 


achieve 
speeds 
comparable 
to low power Schottky 
devices, 
while 
retaining 
the advantage 
of CMOS 
circuitry, 
i.e., high 


noise 
immunity, 
and low power 
consumption. 
Both devices 


have a fanout 
of 15 LS- TIL 
equivalent 
inputs. 


The 
MM54HC540/MM74HC540 
is an inverting 
buffer 
and 


the 
MM54HC541/MM74HC541 
is 
a 
non· inverting 
buffer. 


The TRI-STATE 
control 
gate operates 
as a two-input 
NOR 


such that if either 
G1 or G2 are high, all eight outputs 
are in 


the high-impedance 
state. 


In order 
to 
enhance 
PC 
board 
layout. 
the 
'HC540 
and 
'HC541 
offers 
a pinout 
having 
inputs 
and outputs 
on oppo- 


site sides of the package. 
All inputs are protected 
from dam- 


age due to static discharge 
by diodes 
to Vcc and ground. 


Features 


• 
Typical 
propagation 
delay: 
12 ns 


• 
TRI-STATE 
outputs 
for connection 
to system 
buses 


• 
Wide 
power 
supply 
range: 
2-6V 


• 
Low quiescent 
current: 
80 I-'A maximum 
(74HC 
series) 


• 
Output 
current: 
6 mA 


ii1 
Al 
AI 
A3 
U 
A5 
A6 
A1 
A8 
DND 


TL/F/5341-1 


Absolute 
Maximum Ratings 
(Notes 
1 & 2) 
Operating 
Conditions 


Supply Voltage (Vee) 
-0.5 
to + 7.0V 
Mln 
Max 
Units 


DC Input Voltage (VIN) 
-1.5 
to Vee+ 1.5V 
Supply Voltage(Vce) 
2 
6 
V 


DC Output Voltage (Vour) 
-0.5 
to Vee+0.5V 
DC Input or Output Voltage 
0 
Vee 
V. 


Clamp Diode Current (leD) 
±20mA 
(VIN.Vour) 


DC Output Current. per pin (lour) 
±35mA 
Operating Temperature 
Range(T A> 


MM74HC 
-40 
+85 
'C 
DC Vce or GND Current. per pin (Ice) 
±70mA 
MM54HC 
-55 
+125 
'C 
Storage Temperature 
Range (T8TG) 
-65'Cto 
+ 150'C 
Input Rise or Fall Times 


Power Dissipation (Po) (Note 3) 
500mW 
(tr• tf) 
Vce=2.0V 
1000 
ns 


Lead Temperature 
(TU (Soldering 10 seconds) 
260'C 
Vee=4.5V 
500 
ns 


Vce=6.0V 
400 
ns 


DC Electrical 
Characteristics 
(Note 4) 


TA=25'C 
74HC 
54HC 


Symbol 
Parameter 
Conditions 
Vcc 
TA= -40 
to 85'C 
TA= -55 
to 125'C 
Units 


Typ 
Guaranteed 
Limits 


VIH 
Minimum High Level 
2.0V 
1.5 
1.5 
1.5 
V 
Input Voltage 
4.5V 
3.15 
3.15 
3.15 
V 


6.0V 
4.2 
4.2 
4.2 
V 


VIL 
Maximum Low Level 
2.0V 
0.3 
0.3 
0.3 
V 
Input Voltage 
4.5V 
0.9 
0.9 
0.9 
V 


6.0V 
1.2 
1.2 
1.2 
V 


VOH 
Minimum High Level 
VIN = VIH or VIL 


Output Voltage 
Iiourl :s:20 I£A 
2.0V 
2.0 
1;.9 
1.9 
1.9 
V 


4.5V 
4.5 
4.4 
4.4 
4.4 
V 


6.0V 
6.0 
5.9 
5.9 
5.9 
V 


VIN = VIH or VIL 
Ilourl:S:6.0 mA 
4.5V 
4.2 
3.98 
3.84 
3.7 
V 


Ilour!:S:7.8 mA 
6.0V 
5.7 
5.48 
5.34 
5.2 
V 


VOL 
Maximum Low Level 
VIN = VIH or VIL 


Output Voltage 
Ilourl:S:20 I£A 
2.0V 
0 
0.1 
0.1 
0.1 
V 


4.5V 
0 
0.1 
0.1 
0.1 
V 


6.0V 
0 
0.1 
0.1 
0.1 
V 


VIN = VIH or VIL 
Ilourl:S:6.0 mA 
4.5V 
0.2 
0.26 
0.33 
0.4 
V 
Ilour!:S:7.8 mA 
6.0V 
0.2 
0.26 
0.33 
0.4 
V 


IIN 
Maximum Input 
VIN = Vee or GND 
6.0V 
±0.1 
±1.0 
±1.0 
I£A 
Current 


loz 
Maximum Tri-State 
VIN=VIH orVIL. G=VIH 
6.0V 
±0.5 
±5 
±10 
I£A 
Output Leakage 
Vour=Vceor 
GNd 


Current 


Ice 
Maximum Quiescent 
VIN = Vee or GND 
6.0V 
8.0 
80 
160 
I£A 
Supply Current 
lour=O 
I£A 


Note t: AbsoluteMaximumRatingsarethosevaluesbeyondwhichdamageto thedevicemayoccur. 
Note2: Unlessotherwisespecifiedallvoltagesarereferencedto ground. 
Note 3: PowerDissipationtemperaturederating- 
plastic"N" package:-12 mWrC from 6S'C to 8S'C; ceramic"J" package:-12 mWrC from 
100'Cto 12S'C. 
Note 4: Fora powersupplyof SV ±10% the worstcaseoutputvoltages(VeH.andVeu occurfor HCat 4.SV.Thusthe4.SVvaluesshouldbe usedwhen 
designingwiththissupply.WorstcaseVIHandVILoccuratVee~ S.SVand4.SVrespectively.(TheVIHvalueatS.SVis3.8SV.)rhe worstcaseleakagecurrent(IIN. 
Ice. andleZ>occurfor CMOSat thehighervoltageandsothe6.0Vvaluesshouldbeused. 


AC Electrical Characteristics 


Vcc=5V. 
TA=25°C. 
t,=t,=6 
ns 


Symbol 
Parameter 
Conditions 
Typ 
Guaranteed 
Units 
Limit 


tPHL. tpLH 
Maximum 
Propagation 
CL =45pF 
12 
18 
ns 


Delay (540) 


tpHL. tpLH 
Maximum 
Propagation 
CL =45 
pF 
14 
20 
ns 


Delay (541) 


tpZH. tpZL 
Maximum 
Output 
Enable 
RL = kO 
17 
28 
ns 


Time 
CL =45pF 


tpHZ. tpLZ 
Maximum 
Output 
Disable 
RL = 
kO 
15 
25 
ns 


Time 
CL =5 
pF 


AC Electrical Characteristics 


Vcc=2.0V 
to 6.0V. CL =50 
pF. t,=t,=6 
ns (unless 
otherwise 
specified) 


TA=25°C 
74HC 
54HC 


Symbol 
Parameter 
Conditions 
Vcc 
TA = -40 
to 85°C 
TA= 
-55 
to 125°C 
Units 
Typ 
Guaranteed 
Limits 


tpHL. tpLH 
Maximum 
Propagation 
CL =50 
pF 
2.0V 
55 
100 
126 
149 
ns 


Delay (540) 
CL =150 
pF 
2.0V 
83 
150 
190 
224 
ns 


CL =50 
pF 
4.5V 
12 
20 
25 
30 
ns 


CL =150 
pF 
4.5V 
22 
30 
38 
45 
ns 


CL =50 
pF 
6.0V 
11 
17 
21 
25 
ns 


CL =150 
pF 
6.0V 
18 
26 
32 
38 
ns 


tpHL. tPLH 
Maximum 
Propagation 
CL =50 
pF 
2.0V 
58 
115 
145 
171 
ns 


Delay (541) 
CL =150 
pF 
2.0V 
83 
165 
208 
246 
ns 


CL =50 
pF 
4.5V 
14 
23 
29 
34 
ns 


CL =150 
pF 
4.5V 
17 
33 
42 
49 
ns 


CL=50pF 
6.0V 
11 
20 
25 
29 
ns 


CL =150 
pF 
6.0V 
14 
28 
35 
42 
ns 


tpZH. tpZL 
Maximum 
Output 
Enable 
RL =1 kO 


Time 
CL =50 
pF 
2.0V 
75 
150 
189 
224 
ns 


CL=150pF 
2.0V 
100 
200 
252 
298 
ns 


CL =50 
pF 
4.5V 
15 
30 
38 
45 
ns 


CL =150 
pF 
4.5V 
30 
40 
50 
60 
ns 


CL =50pF 
6.0V 
13 
26 
32 
38 
ns 


CL =150 
pF 
6.0V 
17 
34 
43 
51 
ns 


tpHZ. tpLZ 
Maximum 
Output 
Disable 
RL =1 kO 
2.0V 
75 
150 
189 
224 
ns 


Time 
CL =50 
pF 
4.5V 
15 
30 
38 
45 
ns 


6.0V 
13 
26 
32 
38 
ns 


tTHL. tTLH 
Maximum 
Output 
Rise 
CL =50pF 
2.0Y 
25 
60 
75 
90 
ns 


and Fall Time 
4.5V 
7 
12 
15 
18 
ns 


6.0V 
6 
10 
13 
15 
ns 


CPO 
Power Dissipation 
OC=Vcc 
10 
pF 


Capacitance 
(Note 5) 
OC=GND 
50 
pF 


CIN 
Maximum 
Input 
5 
10 
10 
10 
pF 


Capacitance 


COUT 
Maximum 
Output 
Capacitance 
15 
20 
20 
20 
pF 


Note 
5: CPO determines 
the 
no load 
dynamic 
power 
consumption, 
PO=CPD 
Vcc2 
1+loc 
Vee. 
and the 
no load 
dynamic 
current 
consumption, 
Is~ Cpo Vcc 1+ Ice· 


Note 6: Refer to Section 1 for Typical MM54174HC 
AC Switching Waveforms 
and Test Circuits. 


MM54HC563/MM74HC563 
TRI-STATE® Octal D-Type Latch with Inverted Outputs 


General 
Description 


These 
high 
speed 
OCTAL 
D-TYPE 
LATCHES 
utilize 
microCMOSTM 
Technology, 
3.5 micron 
silicon 
gate 
P-well 
CMOS. 
They possess 
the high noise immunity 
and low pow- 
er consumption 
of standard 
CMOS 
integrated 
circuits, 
as 


well as the ability to drive 15 LS-TIL 
loads. 
Due to the large 


output 
drive 
capability 
and 
the 
TRI-STATE 
feature, 
these 


devices 
are ideally 
suited 
for interfacing 
with bus lines in a 


bus organized 
system. 


When the LATCH 
ENABLE 
(LE) input is high, the Q outputs 


will follow 
the inversion 
of the 0 inputs. 
When 
the 
LATCH 


ENABLE 
goes 
low, data at the 0 inputs 
will be retained 
at 


the outputs 
until LATCH 
ENABLE 
returns 
high again. When 


a high logic 
level 
is applied 
to the OUTPUT 
CONTROL 
in- 
put, all outputs 
go to a high impedance 
state, 
regardless 
of 


what signals 
are present 
at the other inputs and the state of 


the storage 
elements. 


~National 
~ 
semiconductor 


The 54HC174HC 
logic family 
is speed, 
function 
and pin-out 


compatible 
with 
the 
standard 
54LS/74LS 
logic 
family. 
All 


inputs are protected 
from damage 
due to static discharge 
by 
internal 
diode 
clamps 
to Vcc 
and ground. 


Features 


• 
Typical 
propagation 
delay: 
13 ns 


• 
Wide 
operating 
voltage 
range: 
2 to 6 volts 


• 
Low input current: 
1 p.A maximum 


• 
Low quiescent 
current: 
80 p.A maximum 
(74 series) 


• 
Compatible 
with bus-oriented 
systems 


• 
Output 
drive capability: 
15 LS-TIL 
loads 


MM54HC563/MM74HC563 


54HC563 (J) 
74HC563 (J,N) 


Output 
Latch 
Data 
Output 
Control 
Enable 


L 
H 
H 
L 
L 
H 
L 
H 
L 
L 
X 
00 
H 
X 
X 
Z 


H ~ high level, L ~ low level 


00 = level of output before 
steady-state 
input 
conditions 
were established 


Z = high impedance 


Absolute Maximum Ratings 
(Notes 
1 & 2) 
Operating Conditions 


Supply Voltage 
(Vce) 
-0.5 
to + 7.0V 
Mln 
Max 
Units 


DC Input Voltage 
(VIN) 
-1.5 
to Vcc+1.5V 
Supply Voltage(Vce) 
2 
6 
V 


DC Output Voltage 
(Vour) 
-0.5 
to Vcc+0.5V 
DC Input or Output Voltage 
0 
Vcc 
V 


Clamp Diode Current 
(Ice) 
±20mA 
(VIN.Vour) 


DC Output Current. 
per pin (lour) 
±35mA 
Operating 
Temperature 
Rangerr Al 
MM74HC 
-40 
+85 
'C 
DC Vce or GND Current, 
per pin (Ice) 
±70mA 
MM54HC 
-55 
+125 
'C 
Storage 
Temperature 
Range rr 8TG) 
- 65'C to + 150'C 
Input Rise or Fall Times 


Power Dissipation 
(Po) (Note 3) 
500mW 
(tr.tf) 
VcC=2.0V 
1000 
ns 


Lead Temperature 
rr L.l (Soldering 
10 seconds) 
260'C 
Vce=4.5V 
500 
ns 


Vce=6.0V 
400 
ns 


DC Electrical Characteristics 
(Note 
4) 


TA=25'C 
74HC 
54HC 


Symbol 
Parameter 
Conditions 
Vcc 
TA=-40t085'C 
TA = -55 
to 125'C 
Units 


Typ 
Guaranteed 
Limits 


VIH 
Minimum 
High Level 
2.0V 
1.5 
1.5 
1.5 
V 


Input Voltage 
4.5V 
3.15 
3.15 
3.15 
V 


6.0V 
4.2 
4.2 
4.2 
V 


VIL 
Maximum 
Low Level Input 
2.0V 
0.3 
0.3 
0.3 
V 


Voltage 
4.5V 
0.9 
0.9 
0.9 
V 


6.0V 
1.2 
1.2 
1.2 
V 


VOH 
Minimum 
High Level 
VIN = VIH or VIL 


Output Voltage 
Ilourl~20 
/LA 
2.0V 
2.0 
1.9 
1.9 
1.9 
V 


4.5V 
4.5 
4.4 
4.4 
4.4 
V 


6.0V 
6.0 
5.9 
5.9 
5.9 
V 


VIN=VIHorVIL 


Ilourl~6.0mA 
4.5V 
4.2 
3.98 
3.84 
3.7 
V 


Iiourl Q.8 mA 
6.0V 
5.7 
5.48 
5.34 
5.2 
V 


VOL 
Maximum 
Low Level 
VIN=VIH 
or VIL 


Output Voltage 
Ilourl~20 
/LA 
2.0V 
0 
0.1 
0.1 
0.1 
V 


4.5V 
0 
0.1 
0.1 
0.1 
V 


6.0V 
0 
0.1 
0.1 
0.1 
V 


VIN=VIHorVIL 


Ilourl~6.0 
mA 
4.5V 
0.2 
0.26 
0.33 
0.4 
V 


Ilourl~7.8mA 
6.0V 
0.2 
0.26 
0.33 
0.4 
V 


IIN 
Maximum 
Input Current 
VIN = Vce or GND 
6.0V 
±0.1 
±1.0 
±1.0 
/LA 


loz 
Maximum 
TRI-STA TE Omput 
VOur=VcCorGND 
6.0V 
±0.5 
±5.0 
±10 
/LA 
Leakage 
Current 
OC=VIH 
, 


Ice 
Maximum 
Quiescent 
Supply 
VIN=VCC 
or GND 
8.0 
80 
160 
/LA 
Current 
10ur=0 
/LA 
. 


Note 
1: Maximum 
Ratings are those values beyond which damage to the devtce may occur. 


Note 2: Unless otherwise 
specified 
all Yoltages are referenced 
to ground. 


Note 
3: Power Dissipation temperature 
derating - 
plastic "N" 
package: 
-12 mwrc 
from 
6S'"C 
to 85°C; ceramic "J" package: 
-12 
mWrC from 
100'C to 125·C. 


Note 4: For a power supply of 5V ±10% the worst case outputvoltages (VOH.and You occur for HC at4.5V. Thusthe 4.5V valuesshouldbe used when 
designingwiththissupply.WorstcaseVIHandVILoccurat Vee~5.5V and4.5Vrespectively.(TheV,Hvalueat5.5V is 3.85V.)Theworstcaseleakagecurrent(IIN. 
Ice. and lozl occur for CMOSat the highervoltageand so the 6.0Vvaluesshouldbe used. 


AC Electrical 
Characteristics 
Vcc=5V, TA=25'C, tr=tf=6 
ns 


Symbol 
Parameter 
Conditions 
Typ 
Guaranteed 
Unlta 
Limit 


tPHL. tPLH 
Maximum Propagation 
Delay, Data to Q 
CL ~45 
pF 
12 
19 
ns 


tpHL. 
tpLH 
Maximum 
Propagation 
Delay, 
Clock to Q 
CL =45 pF 
12 
20 
ns 


tpZH. 
tpZL 
Maximum 
Output 
Enable 
Time 
AL =1 kfi 
13 
25 
ns 
CL =45 pF 


tpHZ. tpLZ 
Maximum 
Output 
Disable Time 
AL ~1kfi 
11 
20 
ns 
CL~5pF 


ts 
Minimum 
Set Up Time 
10 
15 
ns 


tH 
Minimum 
Hold Time 
2 
5 
ns 


tw 
Minimum Pulse Width 
10 
16 
ns 


AC Electrical 
Characteristics 
Vcc=2.0-6.0V, tr=tf=6 
ns 


TA=25'C 
74HC 
54HC 


Symbol 
Parameter 
Conditions 
Vcc 
TA= 
-40 
to 85'C 
TA= 
-55 
to 125'C 
Unlta 
Typ 
Guaranteed 
Limits 


lpHL. ~LH 
Maximum 
Propagation 
CL ~50pF 
2.0V 
45 
110 
138 
165 
ns 
Delay. Data to 0 
CL ~150pF 
2.0V 
58 
150 
188 
225 
ns 


CL ~50pF 
4.5V 
14 
22 
28 
33 
ns 
CL=150pF 
4.5V 
21 
30 
38 
40 
ns 


CL ~50pF 
6.0V 
12 
19 
24 
29 
ns 
CL =150 pF 
6.0V 
19 
26 
33 
39 
ns 


tpHL. tpLH 
Maximum 
Propagation 
CL~50pF 
2.0V 
46 
115 
143 
173 
ns 
Delay. Clock to 0 
CL ~150 pF 
2.0V 
60 
155 
194 
233 
ns 


CL ~50pF 
4.5V 
14 
23 
29 
35 
ns 
CL ~150pF 
4.5V 
21 
31 
47 
47 
ns 


CL -50pF 
6.0V 
12 
20 
25 
30 
ns 
CL -150 
pF 
6.0V 
19 
27 
34 
41 
ns 


tpZH, tpZL 
Maximum 
Output 
Enable 
AL =1kfi 
Time 
CL ~50pF 
2.0V 
55 
140 
175 
210 
ns 
CL ~150 pF 
2.0V 
67 
180 
225 
270 
ns 


CL =50pF 
4.5V 
15 
28 
35 
42 
ns 
CL~150pF 
4.5V 
24 
36 
45 
54 
ns 


CL=50pF 
6.0V 
14 
24 
30 
36 
ns 
CL ~150 pF 
6.0V 
22 
31 
39 
47 
ns 


tpHZ. tpLZ 
Maximum 
Output 
Disable 
AL ~1 kfi 
2.0V 
40 
125 
156 
188 
ns 
Time 
CL~50pF 
4.5V 
,13 
25 
31 
38 
ns 
6.0V 
12 
21 
27 
32 
ns 


Is 
Minimum 
Set Up Time 
2.0V 
30 
75 
95 
110 
ns 
4.5V 
10 
15 
19 
22 
ns 
6.0V 
9 
13 
16 
19 
ns 


tH 
Minimum 
Hold Time 
2.0V 
25 
31 
38 
ns 
4.5V 
5 
6 
7 
ns 
6.0V 
4 
5 
6 
ns 


tw 
Minimum 
Pulse Width 
2.0V 
30 
80 
100 
120 
ns 
4.5V 
9 
16 
20 
24 
ns 
6.0V 
8 
14 
18 
20 
ns 


!r.t, 
Maximum 
Output 
Rise and 
2.0V 
1000 
1000 
1000 
ns 
Fall Time 
4.5V 
500 
500 
500 
ns 
6.0V 
400 
400 
400 
ns 


tTLH. tTHL 
Maximum 
Output 
Rise 
CL ~50 pF 
2.0V 
25 
60 
75 
90 
ns 
and Fall Time 
4.5V 
7 
12 
15 
18 
ns 
6.0V 
6 
10 
13 
15 
ns 


CPO 
Power 
Dissipation 
Capacitance 
OE~Vcc 
30 
pF 
(Note 5) 
OE~GND 
50 
pF 


CIN 
Maximum 
Input Capacitance 
5 
10 
10 
10 
pF 


GoUT 
Maximum 
Output 
15 
20 
20 
20 
pF 
Capacitance 


Note 
5: Cpo 
determines 
the 
no 
load 
dynamic 
power 
consumption, 
Po=Cpo 
Vcc2 
1+ Ice 
VCC. 
and 
the 
no load 
dynamic 
current 
consumption. 
Is=Cpo 
Vcc 
1+ ice. 


Note 
6: Aefar to Saction 1 for Typical 
MM54174HC 
AC SWitching Waveforms 
and Test Circuits. 


\ 


~Nalional 
~ 
semiconductor 


MM54HC564/MM74HC564 
TRI-STATE® Octal D-Type Flip-Flop with Inverted Outputs 


General 
Description 


These 
octal 
D-type 
flip-flops 
utilize 
microCMOSTM 
Technol- 
ogy, 3.5 micron 
silicon gate P-well CMOS. They possess1he 
high 
noise 
immunity 
and 
low power 
consumption 
of stan- 
dard CMOS 
integrated 
circuits 
as well as the ability to drive 
15 LS-TIL 
loads. 
Due to the 
large 
output 
drive 
capability 
and the TRI-STATE 
feature, 
these devices 
are ideally suited 
for interfacing 
with bus lines in a bus organized 
system. 


These 
devices 
are positive 
edge triggered 
flip-flops. 
Data at 
the 
D inputs, 
meeting 
the 
set-up 
and 
hold 
time 
require- 
ments, 
are transferred 
to the a outputs 
on positive 
going 
transitions 
of the CLOCK 
(CK) input. When a high logic level 
is applied 
to the OUTPUT 
CONTROL 
(OC) input, all outputs 
go to a high impedance 
state, regardless 
of what signals 
are 
present 
at the 
other 
inputs 
and 
the 
state 
of the 
storage 
elements. 


The 54HC174HC 
logic family 
is speed, 
function, 
and pinout 
compatible 
with 
the 
standard 
54LS/74LS 
logic 
family. 
All 
inputs are protected 
from damage 
due to static discharge 
by 
internal 
diode 
clamps 
to VCC and ground. 


• 
Typical 
propagation 
delay: 
15 ns 


• 
Wide 
operating 
voltage 
range: 2V-6V 


• 
Low input current: 
1 fJoAmaximum 


• 
Low quiescent 
current: 
80 fJoAmaximum 
(74HC 
Series) 


• 
Compatible 
with bus-oriented 
systems 


• 
Output 
drive capability: 
15 LS-TIL 
loads 


Dual-In-Llne 
Package 


Vee 
10 
20 
30 
40 
50 
61l" 
70 
80 
CLOCK 


MM54HC564/MM74HC564 


54HC564 
(J) 
74HC564 
(J,N) 


Output 
Clock 
Data 
Output 
Control 


L 
t 
H 
L 
L 
t 
L 
H 
L 
L 
X 
00 
H 
X 
X 
Z 


H = High Level, L ~ 
Low Level 
X = Don't Care 
t 
= Transition 
from low·to-high 
Z = High Impedance 
State 


00 
~ The level of the output before steady state 


Input conditions 
were 
established 


Operating 
Conditions 


Mln 
2 
o 


Absolute 
Maximum Ratings 
(Notes 1 & 2) 
Supply Voltage (Vcel 
-0.5 to + 7.0V 


DC Input Voltage (VIN) 
-1.5 to Vcc+1.5V 


DC Output Voltage (VOUT) 
-0.5 to Vcc+0.5V 


Clamp Diode Current (11K.'OK) 
± 20 mA 


DC Output Current. per pin (lOUT) 
± 35 mA 
DC VCCor GND Current. per pin (Icel 
± 70 mA 
Storage Temperature Range (T8TG) 
-65'C 
to + 150'C 


Power Pissipation (PD)(Note 3) 
500 mW 
Lead Temperature (TLl(Soldering 10 seconds) 
260'C 


Max 
Units 
6 
V 


Vcc 
V 


+85 
,'C 
+125 
'C 


1000 
ns 
500 
ns 
400 
ns 


Supply Voltage(Vcc) 
DC Input or Output Voltage 
(VIN.VOUT) 
Operating Temperature Range(TA) 
MM74HC 
-40 
MM54HC 
-55 
Input Rise or Fall Times 
(tr•ttl 
Vcc=2.0V 
Vcc=4.5V 
Vcc=6.0V 


TA=25'C 
74HC 
54HC 


Symbol 
Parameter 
Conditions 
Vcc 
TA= 
-40to 
85'C 
TA = -55 
to 125'C 
Units 
Typ 
Guaranteed 
Limits 


VIH 
Minimum High Level Input 
2.0V 
1.5 
1.5 
1.5 
V 
Voltage 
4.5V 
3.15 
3.15 
3.15 
V 
6.0V 
4.2 
4.2 
4.2 
V 


VIL 
Maximum Low Level Input 
2.0V 
0.3 
0.3 
0.3 
V 
Voltage 
4.5V 
0.9 
0.9 
0.9 
V 
6.0V 
1.2 
1.2 
1.2 
V 


VOH 
Minimum High Level Output 
VIN=VIHorVIL 
Voltage 
IIOUTI:5:20/LA 
2.0V 
2.0 
1.9 
1.9 
1.9 
V 
4.5V 
4.5 
4.4 
4.4 
4.4 
V 
6.0V 
6.0 
5.9 
5.9 
5.9 
V 


VIN= VIHor VIL 
IIOUTI:5:6.0 mA 
4.5V 
4.2 
3.98 
3.84 
3.7 
V 
IIOUTI:5:7.8mA 
6.0V 
5.7 
5.48 
5.34 
5.2 
V 


VOL 
Maximum Low Level Output 
VIN=VIHorVIL 
Voltage 
IIOUTI:5:20/LA 
2.0V 
0 
0.1 
0.1 
0.1 
V 
4.5V 
0 
0.1 
0.1 
0.1 
V 
6.0V 
0 
0.1 
0.1 
0.1 
V 


VIN= VIHor VIL 
IIOUTI:5:6.0mA 
4.5V 
0.2 
0.26 
0.33 
0.4 
V 
IIOUTI:5:7.8mA 
6.0V 
0.2 
0.26 
0.33 
0.4 
V 


IIN 
Maximum Input Current 
VIN=VCC or GND 
6.0V 
±0.1 
±1.0 
±1.0 
/LA 


loz 
Maximum TRI-STATE Output 
VOUT=VccorGND 
6.0V 
±0.5 
±5.0 
±10 
/LA 
Leakage Current 
OC""VIH 


Icc 
Maximum Quiescent Supply 
VIN=VccorGND 
6.0V 
8.0 
80 
160 
/LA 
Current 
IOUT=O /LA 


Note 1: Maximum 
Ratings are those values beyond which damage 
to the device 
may occur. 


Note 
2: Unless otherwise 
specified all voltages 
are referenced 
to ground. 


Note 
3: Power Dissipation temperature 
derating - 
plastic "N" 
package: 
-12 
mwrc 
from 65°C 
to 85°C; ceramic 
"J" 
package: 
-12 
mwrc 
from 
l00'C to 125'C. 


Not. 
4: For a power supply of 5V ±10% 
the worst-case 
output voltages 
(VOH. and VoLl 
occur for HC at 4.5V. Thus the 4.5V values should be used when 
designing with this supply. Worst-case 
V,H and VIL occur at Vee-5.5V 
and 4.5V respectively. 
(The V,H value at 5.5V is 3.85V.) The worst-case 
leakage current 
(IIN. Ice. and lozl 
occur for CMOS at the higher voltage and so the 6.0V values should be used. 


AC Electrical Characteristics 
Vcc=5V. 
TA=25"C. 
tr=t,=6 
ns 


Symbol 
Parameter 
Conditions 
Typ 
Guaranteed 
Units 
Umlt 


fMAX 
Maximum 
Operating 
Frequency 
50 
35 
MHz 


tpHL. tpLH 
Maximum 
Propagation 
Delay. Clock to Q 
CL =45 
pF 
12 
20 
ns 


tpZH. tpZL 
Maximum 
Output 
Enable Time 
RL =1 kG 
13 
25 
ns 


CL =45 
pF 


tpHZ. tpLZ 
Maximum 
Output 
Disable Time 
RL =1 kG 
11 
20 
ns 


CL =5 
pF 


Is 
Minimum 
Set-Up Time 
. 
20 
ns 


tH 
Minimum 
Hold Time 
0 
ns 


tw 
Minimum 
Pulse Width 
16 
ns 


AC Electrical Characteristics 
Vcc= 
2.0-6.0V. 
CL =50 
pF. lr=t,=6 
ns (unless 
otherwise 
specified) 


TA=2S"C 
74HC 
S4HC 


Symbol 
Parameter 
Conditions 
Vcc 
TA= 
-40 
to 8S"C 
TA=-SSt012S"C 
Units 


Typ 
Guaranteed 
Limits 


fMAX 
Maximum 
Operating 
Frequency 
CL =50 
pF 
2.0V 
6 
5 
4 
MHz 


4.5V 
30 
24 
20 
MHz 


6.0V 
35 
28 
23 
MHz 


tPHL. tpLH 
Maximum 
Propl!9ation 
CL =50 
pF 
2.0V 
40 
115 
143 
173 
ns 
Delay. Clock to Q 
CL =150pF 
2.0V 
51 
155 
194 
233 
ns 


CL =50pF 
4.5V 
13 
23 
29 
35 
ns 


CL =150pF 
4.5V 
19 
31 
47 
47 
ns 


CL =50pF 
6.0V 
12 
20 
25 
30 
ns 


CL =150 
pF 
6.0V 
18 
27 
34 
41 
ns 


tpZH. tpZL 
Maximum 
Output 
Enable 
RL =1 kG 


Time 
CL =50 
pF 
2.0V 
45 
140 
175 
210 
ns 


CL =150 
pF 
2.0V 
59 
180 
225 
270 
ns 


CL =50 
pF 
4.5V 
14 
28 
35 
42 
ns 


CL =150pF 
4.5V 
20 
36 
45 
54 
ns 


CL =50 
pF 
6.0V 
12 
24 
30 
36 
ns 


CL =150pF 
6.0V 
18 
31 
39 
47 
ns 


tPHZ. tPLZ 
Maximum 
Output 
Disable Time 
RL =1 kG 
2.0V 
35 
125 
156 
188 
ns 


CL =50 
pF 
4.5V 
12 
25 
31 
38 
ns 


6.0V 
10 
21 
27 
32 
ns 


ts 
Minimum 
Set-Up Time 
2.0V 
100 
125 
150 
ns 


4.5V 
20 
25 
30 
ns 


6.0V 
17 
21 
25 
ns 


tH 
Minimum 
Hold Time 
2.0V 
0 
0 
0 
ns 


4.5V 
0 
0 
0 
ns 


6.0V 
0 
0 
0 
ns 


tTHL. tTLH 
Maximum 
Output 
Rise 
CL =50 
pF 
2.0V 
25 
60 
75 
90 
ns 
and Fall Time 
4.5V 
7 
12 
15 
18 
ns 


6.0V 
6 
10 
13 
15 
ns 


tw 
Minimum 
Pulse Width 
2.0V 
30 
80 
100 
120 
ns 


4.5V 
8 
16 
20 
24 
ns 


6.0VO 
7 
14 
18 
20 
ns 


1,. t, 
Maximum 
Input Rise and Fall Time 
2.0V 
1000 
1000 
1000 
ns 


4.5V 
500 
500 
500 
ns 


6.0V 
400 
400 
400 
ns 


CPO 
Power Dissipation 
Capacitance 
OC=VCC 
30 
pF 
(Note 5) 
OC=GND 
50 
pF 


CIN 
Maximum 
Input Capacitance 
5 
10 
10 
10 
pF 


COUT 
Maximum 
Output Capacitance 
15 
20 
20 
20 
pF 


Note 
5: CPO determines the no load dynamic 
power consumption, PO=CPD Vcc2 
f+lcc 
VCC. and the no load dynamic current 
consumption, 
Is=CPD Vcc f+1cc· 
Nole 6: Referto Section1 for TypicalMM54174 HC AC Switcl1ingWaveformsandTest Circuits. 


~National 
~ 
semiconductor 


MM54HC573/MM74HC573 
.TRI-STATE® Octal D-Type Latch 


General 
Description 


These 
high speed octal Ootype latches 
utilize microCMOSTM 


Technology. 
3.5 
micron 
silicon 
gate 
P-well 
CMOS. 
They 


possess 
the high noise 
immunity 
and low power 
consump- 


tion 
of standard 
CMOS 
integrated 
circuits. 
as well 
as the 


ability 
to drive 
15 LS-TTL 
loads. 
Due 
to the 
large 
output 


drive 
capability 
and the TRI-STATE 
feature, 
these 
devices 
Features 


are ideally suited for interfacing 
with bus lines in a bus orga- 


nized system. 


When 
the LATCH 
ENABLE(LE) 
input is high. the a outputs 


will 
follow 
the 
0 
inputs. 
When 
the 
LATCH 
ENABLE 
goes 


low, data at the 0 inputs will be retained 
at the outputs 
until 


LATCH 
ENABLE 
returns 
high again. When a high logic level 


is applied 
to the OUTPUT 
CONTROL 
input, all outputs 
go to 


a high impedance 
state, regardless 
of what signals 
are pres- 


ent 
at the 
other 
inputs 
and 
the 
state 
of the 
storage 
ele- 
ments. 


The 54HC/74HC 
logic family 
is speed, 
function 
and pinout 


compatible 
with 
the 
standard 
54LS/74LS 
logic 
family. 
All 


inputs are protected 
from damage 
due to static discharge 
by 


internal 
diode clamps 
to Vcc 
and ground. 


• 
Typical 
propagation 
delay: 
13 ns 


• 
Wide 
operating 
voltage 
range: 
2 to 6 volts 


• 
Low input current: 
1 IJoAmaximum 


• 
Low quiescent 
current: 
80 IJoAmaximum 
(74HC 
series) 


• 
Compatible 
with bus-oriented 
systems 


• 
Output 
drive capability: 
15 LS-TTL 
loads 


TOP VIEW 


MM54HC573/MM74HC573 


54HC573 
(J) 
74HC573 
(J,N) 


Output 
Latch 
Data 
Output 
Control 
Enable 


L 
H 
H 
H 
L 
H 
L 
L 
L 
L 
X 
00 
H 
X 
X 
Z 


H = high level. L ~ 
low level 


00 = level of output before steady·state input 
conditions 
were 
established. 


Z ~ 
high impedance 


X = Don't care 


Absolute Maximum Ratings 
(Notes 
1 & 2) 
Operating Conditions 


Supply Voltage 
(Vce) 
-0.5 
to + 7.0V 
Mln 
Max 
Units 


DC Input Voltage 
(VIN) 
-1.5toVce+1.5V 
Supply Voltage(Vce) 
2 
6 
V 


DC Output Voltage 
(Vour) 
-0.5 
toVcc+0.5V 
DC Input or Output Voltage 
0 
Vce 
V 


Clamp Diode Current 
(11K, 10K> 
±20mA 
(VIN,Vour) 


DC Output Current, 
per pin (lour) 
±35mA 
Operating 
Temperature 
Range(T 10 
MM74HC 
-40 
+85 
·C 
DC Vce or GND Current, 
per pin (Ice) 
±70mA 
MM54HC 
-55 
+125 
·C 
Storage 
Temperature 
Range 
(TsrG) 
-65·Cto 
+ 1500C 
Input Rise or Fall Times 


Power Dissipation 
(Po) (Note 3) 
500mW 
(tr, tf) 
Vcc= 
2.0V 
1000 
ns 


Lead Temperature 
(TO (Soldering 
10 seconds) 
260·C 
Vcc=4.5V 
500 
ns 


Vcc=6.0V 
400 
ns 


DC Electrical Characteristics 
(Note 
4) 


TA=25·C 
74HC 
54HC 


Symbol 
Parameter 
Conditions 
Vcc 
TA= 
-40 
to 85·C 
TA= 
-55 
to 125·C 
Units 


Typ 
Guaranteed 
Limits 


VIH 
Minimum 
High Level Input 
2.0V 
1.5 
1.5 
1.5 
V 


Voltage 
4.5V 
3.15 
3.15 
3.15 
V 


6.0V 
4.2 
4.2 
4.2 
V 


VIL 
Maximum 
Low Level Input 
2.0V 
0.3 
0.3 
0.3 
V 


Voltage 
4.5V 
0.9 
0.9 
0.9 
V 


6.0V 
1.2 
1.2 
1.2 
V 


VOH 
Minimum 
High Level Output 
VIN = VIH or VIL 


Voltage 
liourl:S:20 
I'-A 
2.0V 
2.0 
1.9 
1.9 
1.9 
V 


4.5V 
4.5 
4.4 
4.4 
4.4 
V 


6.0V 
6.0 
5.9 
5.9 
5.9 
V 


VIN = VIH or VIL 


Iiourl 
:S:6.0.mA 
4.5V 
4.2 
3.98 
3.84 
3.7 
V 


Iiourl 
Q.8 mA 
6.0V 
5.7 
5.48 
5.34 
5.2 
V 


VOL 
Maximum 
Low Level Output 
VIN = VIH or VIL 
Voltage 
Ilourl:S:20 
I'-A 
2.0V 
0 
0.1 
0.1 
0.1 
V 


4.5V 
0 
0.1 
0.1 
0.1 
V 


6.0V 
0 
0.1 
0.1 
0.1 
V 


VIN = VIH or VIL 


Ilourl:S:6.0 
mA 
4.5V 
0.2 
0.26 
0.33 
0.4 
V 


Iiourl 
:S:7.8 mA 
6.0V 
0.2 
0.26 
0.33 
0.4 
V 


tiN 
Maximum 
Input Current 
VIN=VccorGND 
6.0V 
±0.1 
±1.0 
±1.0 
/LA 


loz 
Maximum 
TRI-ST ATE Output 
Vour=VceorGND 


Leakage 
Current 
OC=VIH 
6.0V 
±0.5 
±5.0 
±10 
/LA 


Ice 
Maximum 
Quiescent 
Supply 
VIN=VCC 
or GND 


Current 
lour=O 
I'-A 
6.0V 
8.0 
80 
160 
I'-A 


Note 1: Absolute 
Maximum 
Ratings are those values beyond which damage to the device may occur. 


Note 2: Unless otherwise 
specified 
all voltages 
are referenced 
to ground. 


Note 
3: Power Dissipation temperature 
derating - 
plastic "N" 
package: 
-12 
mwrc from 
65°C to 85°C; ceramic "J" package: 
-12 
mWrC 
from 
100·C to 12S·C. 


Note 
4: For a power supply of SV ±10% 
the worst-case 
output vollages 
(VOH. and Vou 
occur for HC aI4.SV. 
Thus the 4.SV values should be used when 
designing With this supply. Worst-case 
VIH and VIL occur at Vcc=5.5V 
and 4.5V respectively. 
(The VIH value at 5.5V is 3.85V.) The worst-case 
leakage current 
(IIN. Ice. and loz) occur for CMOS at lhe higher voltage and so lhe 6.0V values should be used. 


AC Electrical 
Characteristics 
Vcc=5V, 
TA=25°C, 
tr=tf=6 
ns 


Symbol 
Parameter 
Conditions 
Typ 
Guaranteed 
Units 
Umlt 


tpHL, tpLH 
Maximum 
Propagation 
Delay, 
Data to a 
CL =45 pF 
12 
19 
ns 


tpHL, tpLH 
Maximum Propagation Delay, Clock to Q 
CL =45 pF 
12 
20 
ns 


lpZH, lpZL 
Maximum Output Enable Time 
RL =1 kll 
13 
25 
ns 
CL =45 
pF 


~Z,lpLZ 
Maximum Output Disable Time 
RL =1 kll 
11 
20 
ns 
CL =5 pF 


Is 
Minimum 
Set Up TIme 
10 
15 
ns 


tH 
Minimum 
Hold Time 
2 
5 
ns 


tw 
Minimum 
Pulse Width 
10 
16 
ns 


AC Electrical 
Characteristics 


TA=25"C 
74HC 
54HC 


Symbol 
Parameter 
Conditions 
VCC 
TA=-40to8S·C 
TA= 
-55 
to 125"C 
Units 
Typ 
Guaranteed 
Limits 


lpHL, lpLH 
Maximum 
Propagation 
CL =50 pF 
2.0Y 
45 
110 
138 
165 
ns 
Detay Data to <:i 
CL =150 pF 
2.0Y 
58 
150 
188 
225 
ns 


CL =50 
pF 
4.5Y 
14 
22 
28 
33 
ns 
CL =150 pF 
4.5Y 
21 
30 
38 
40 
ns 


CL =50 
pF 
6.0Y 
12 
19 
24 
29 
ns 
CL =150 pF 
6.0Y 
19 
26 
33 
39 
ns 


lpHL, lpLH 
Maximum 
Propagation 
CL =50 
pF 
2.0Y 
46 
115 
143 
173 
ns 
Delay, Clock to <:i 
CL =150 pF 
2.0Y 
60 
155 
194 
233 
ns 


CL =50 pF 
4.5Y 
14 
23 
29 
35 
ns 
CL =150 pF 
4.5Y 
21 
31 
47 
47 
ns 


CL =50 pF 
6.0Y 
12 
20 
25 
30 
ns 
CL =150 pF 
6.0Y 
19 
27 
34 
41 
ns 


lpZH, lpZL 
Maximum Output Enable 
RL =1 kO 
Time 
CL =50 
pF 
2.0Y 
55 
140 
175 
210 
ns 
CL =150 pF 
2.0Y 
67 
180 
225 
270 
ns 


CL =50 pF 
4.5Y 
15 
28 
35 
42 
ns 
CL =150 pF 
4.5Y 
24 
36 
45 
54 
ns 


CL =50 pF 
6.0Y 
14 
24 
30 
36 
ns 
CL =150 pF 
6.0Y 
22 
31 
39 
47 
ns 


lpHZ, lpLZ 
Maximum Output Disable 
RL=1kll 
2.0Y 
40 
125 
156 
188 
ns 
Time 
CL =50 pF 
4.5Y 
13 
25 
31 
38 
ns 
6.0Y 
12 
21 
27 
32 
ns 


Is 
Minimum 
Set Up Time 
2.0Y 
30 
75 
95 
110 
ns 
4.5Y 
10 
15 
19 
22 
ns 
6.0Y 
9 
13 
16 
19 
ns 


tH 
Minimum 
Hold Time 
2.0Y 
25 
31 
38 
ns 
4.5Y 
5 
6 
7 
ns 
6.0Y 
4 
5 
6 
ns 


tw 
Minimum 
Pulse Width 
2.0Y 
30 
80 
100 
120 
ns 
4.5Y 
9 
16 
20 
24 
ns 
6.0Y 
8 
14 
18 
20 
ns 


tTLH, tTHL 
Maximum 
Output 
Rise 
CL=50pF 
2.0Y 
25 
60 
75 
90 
ns 
and Fall Time 
4.5Y 
7 
12 
15 
18 
ns 
6.0Y 
6 
10 
13 
15 
ns 


CPO 
Power 
Dissipation 
Capacitance 
OE=Ycc 
30 
pF 
(NoteS) 
OE=GND 
50 
pF 


C,N 
Maximum 
Input Capacitance 
5 
10 
10 
10 
pF 


GoUT 
Maximum 
Output 
15 
20 
20 
20 
pF 
Capacitance 
~ 


Note 
5: CPO determines 
the 
no load dynamic 
power 
consumption, Po=CPO 
Ycc2 
f+1cc 
Ycc. 
and 
the 
no load 
dynamic 
current 
consumption, 


'S=Cpo 
YCC f+lcc· 


Note 
6: Refer to Section 1 for Typical 
MM54174HC 
AC SWitching Waveforms 
and Test CirCUits. 


~National 
~ 
semiconductor 


MM54HC57 4/MM7 4HC57 4 
TRI-STATE® Octal D-Type Flip-Flop 


General 
Description 


These 
high 
speed 
octal 
D-type 
flip-flops 
utilize 
micro- 


CMOSTM Technology, 
3.5 micron 
silicon 
gate P-well CMOS. 
They 
possess 
the high noise 
immunity 
and low power 
con- 


sumption 
of standard 
CMOS 
integrated 
circuits, 
as well as 


the ability to drive 15 LS-TTL 
loads. 
Due to the large output 


drive capability 
and the TAl-STATE 
feature, 
these 
devices 


are ideally 
suited for interfacing 
with bus lines in a bus orga- 


nized system. 


These 
devices 
are positive 
edge triggered 
flip-flops. 
Data at 


the 
0 
inputs, 
meeting 
the 
set-up 
and 
hold 
time 
require- 
ments, 
are transferred 
to the 
0 
outputs 
on positive 
going 


transitions 
of the CLOCK 
(CK) input. When a high logic level 


is applied 
to the OUTPUT 
CONTAOL 
(OC) input, all outputs 


go to a high impedance 
state, regardless 
of what signals 
are 


present 
at the 
other 
inputs 
and' the 
state 
of the 
storage 


elements. 


The 54HC174HC 
logic family 
is speed, 
function, 
and pinout 


compatible 
with 
the 
standard 
54LS/74LS 
logic 
family. 
All 
inputs are protected 
from damage 
due to static discharge 
by 


internal 
diode clamps 
to Vcc 
and ground. 


Features 


• 
Typical 
propagation 
delay: 
15 ns 


• 
Wide 
operating 
voltage 
range: 2V-6V 


• 
Low input current: 
1 ",A maximum 


• 
Low quiescent 
current: 
80 ",A maximum 


• 
Compatible 
with bus-oriented 
systems 


• 
Output 
drive capability: 
15 LS-TTL 
loads 


MM54HC574/MM74HC574 


54HC574 
(J) 
74HC574 
(J,N) 


Output 
Clock 
Data 
Output 
Control 


L 
i 
H 
H 


L 
i 
L 
L 


L 
L 
X 
00 
H 
X 
X 
Z 


H = High Level, L ~ 
Low Level 


X = Don't Care 
t 
= Transition 
from low-to-high 


Z ~ High impedance 
state 


00 = The level of the output before steady 
state 


input conditions 
were 
established 


Absolute Maximum Ratings 
(Notes 
1 & 2) 
Operating Conditions 


Supply Voltage 
(Veel 
-0.5 
to + 7.0V 
Mln 
Max 
Units 


DC Input Voltage 
(VIN) 
-1.5toVcc+1.5V 
Supply Voltage(Vcc) 
2 
6 
V 


DC Output Voltage 
(VOUT) 
-0.5 
to Vee+0.5V 
DC Input or Output Voltage 
0 
Vcc 
V 


Clamp Diode Current 
(11K.10K> 
±20mA 
(VIN,VOUT) 


DC Output Current. 
per pin (lOUT) 
±35mA 
Operating 
Temperature 
Range(T A> 
MM74HC 
-40 
+85 
·C 
DC Vee or GND Current. 
per pin (Ieel 
±70mA 
MM54HC 
-55 
+125 
·C 
Storage 
Temperature 
Range (TSTG) 
-65·Cto 
+150·C 
Input Rise or Fall Times 


Power Dissipation 
(Po) (Note 3) 
500mW 
(tr• tll 
Vee= 
2.0V 
1000 
ns 


Lead Temperature 
(TU (Soldering 
10 seconds) 
260·C 
Vcc= 
4.5V 
500 
ns 


Vee=6.0V 
400 
ns 


DC Electrical Characteristics 
(Note 
4) 


TA=25·C 
74HC 
54HC 


Symbol 
Parameter 
Conditions 
Vcc 
TA= 
-40 
to 85·C 
TA= 
-55 
to 125·C 
Units 
Typ 
Guaranteed 
Limits 


VIH 
Minimum 
High Level InpU1 
2.0V 
1.5 
1.5 
1.5 
V 


Voltage 
4.5V 
3.15 
3.15 
3.15 
V 


6.0V 
4.2 
4.2 
4.2 
V 


VIL 
Maximum 
~ow Level Input 
2.0V 
0.3 
0.3 
0.3 
V 


Voltage 
4.5V 
0.9 
0.9 
0.9 
V 


6.0V 
1.2 
1.2 
1.2 
V 


VOH 
Minimum 
High Level OU1pU1 
VIN = VIH or VIL 


Voltage 
IIOUTI~20 
".A 
2.0V 
2.0 
1.9 
1.9 
1.9 
V 


4.5V 
4.5 
4.4 
4.4 
4.4 
V 


6.0V 
6.0 
5.9 
5.9 
5.9 
V 


VIN=VIHorVIL 


IIOUTI~6.0 
mA 
4.5V 
4.2 
3.98 
3.84 
3.7 
V 


IIOUTI~7.8 
mA 
6.0V 
5.7 
5.48 
5.34 
5.2 
V 


VOL 
Maximum 
Low Level Output 
VIN = VIH or VIL 


Voltage 
IIOUTI~20 
".A 
2.0V 
0 
0.1 
0.1 
0.1 
V 


4.5V 
0 
0.1 
0.1 
0.1 
V 


6.0V 
0 
0.1 
0.1 
0.1 
V 


VIN = VIH or VIL 


IIOUTI ~6.0 
mA 
4.5V 
0.2 
0.26 
0.33 
0.4 
V 


IIOUTI~7.8mA 
6.0V 
0.2 
0.26 
0.33 
0.4 
V 


IIN 
Maximum 
Input Current 
VIN = Vee or GND 
6.0V 
±0.1 
±1.0 
±1.0 
".A 


loz 
Maximum 
TRI-STATE 
Output 
VOUT=VccorGND 


Leakage 
Current 
Oe=VIH 
6.0V 
±0.5 
±5.0 
±10 
".A 


Ice 
Maximum 
Quiescent 
Supply 
VIN = Vcc or GND 
Current 
10UT=0".A 
6.0V 
8.0 
80 
160 
".A 


Note 1: Maximum 
Ratings are those values beyond which damage to the device may occur. 


Note 2: Unless otherwise 
specified all voltages are referenced 
to ground. 


Note 
3: Power 
Dissipation 
temperature 
derating 
- 
plastic 
"N" 
package: 
-1Z: mwrc 
from 
65°C to 85°C; 
ceramic 
"J" package: 
-12 
mWrC from 


100"Cto 12S·C. 


Note 4; For a power supply of SV ±10% the worst-easeoutputvoltages (VOH.and Vou occur for HC at 4.SV.Thusthe 4.SVvaluesshouldbe used wilen 
designingwiththis supply.Worst-caseVIHand VILoccur at Vee-S.SV and4.SVrespectively.(TheVIHvalueatS.SV is 3.8SV.)The worst·caseleakagecurrent 
(IIN.Ice. and loz) occur for CMOSat the highervoltageandso the 6.0Vvaluesshouldbe used. 


AC Electrical 
Characteristics 
Vcc=5V. 
TA=25°C, 
tr=tf=6 
ns 
, 
Guaranteed 
Symbol 
Parameter 
Conditions 
Typ 
Limit 
Units 


fMAX 
Maximum 
Operating 
Frequency 
50 
35 
MHz 


tPHL. tpLH 
Maximurp 
Propagation 
Delay. Clock to a 
CL =45pF 
12 
20 
ns 


lpZH. tpZL 
Maximum 
Output 
Enable Time 
RL =1 kO 
13 
25 
ns 


CL =45 
pF 


tpHZ. tpLZ 
Maximum 
Output 
Disable Time 
RL =1 kO 
11 
20 
ns 
CL =5 
pF 


ts 
Minimum 
Set-Up Time 
20 
ns 


tH 
Minimum 
Hold Time 
0 
ns 


tw 
Minimum 
Pulse Width 
16 
ns 


AC Electrical Characteristics 
Vcc=2.0-6.0V, 
CL =50 
pF. tr=tf=6 
ns (unless 
otherwise 
specified) 


TA=25°C 
74HC 
54HC 


Symbol 
Param,ter 
Conditions 
Vcc 
TA= 
-40 
to 85°C 
TA= 
-55 
to 125°C 
Units 


Typ 
Guaranteed 
Limits 


fMAX 
Maximum 
Operating 
Frequency 
CL =50 
pF 
2.0V 
6 
5 
4 
MHz 


4.5V 
30 
24 
20 
MHz 


6.0V 
35 
28 
23 
MHz 


tpHL. tpLH 
Maximum 
prop~ation 
CL=50 
pF 
2.0V 
40 
115 
143 
173 
ns 
Delay. Clock to 
CL =150 
pF 
2.0V 
51 
155 
194 
233 
ns 


CL =50 
pF 
4.5V 
13 
23 
29 
35 
ns 


CL =150 
pF 
4.5V 
19 
31 
47 
47 
ns 


CL =50 
pF 
6.0V 
12 
20 
25 
30 
ns 


CL =150 
pF 
6.0V 
18 
27 
34 
41 
ns 


tpZH, tpZL 
Maximum 
Output 
Enable 
RL =1 kO 


Time 
CL =50pF 
2.0V 
45 
140 
175 
210 
ns 


CL =150 
pF 
2.0V 
59 
180 
225 
270 
ns 


CL =50pF 
4.5V 
14 
28 
35 
42 
ns 


CL =150 
pF 
4.5V 
20 
36 
45 
54 
ns 


CL =50 
pF 
6.0V 
12 
24 
30 
36 
ns 


CL =150 
pF 
6.0V 
18 
31 
39 
47 
ns 


tpHZ, tpLZ 
Maximum 
Output 
Disable Time 
RL =1 kO 
2.0V 
35 
125 
156 
188 
ns 


CL =50 
pF 
4.5V 
12 
25 
31 
38 
ns 


6.0V 
10 
21 
27 
32 
ns 


ts 
Minimum 
Set-Up Time 
2.0V 
100 
125 
150 
ns 


4.5V 
20 
25 
30 
ns 


6.0V 
17 
21 
25 
ns 


tH 
Minimum 
Hold Time 
2.0V 
0 
0 
0 
ns 


4.5V 
0 
0 
0 
ns 


6.0V 
0 
0 
0 
ns 


tTHL. tTLH 
Maximum 
Output 
Rise 
CL =50 
pF 
2.0V 
25 
60 
75 
90 
ns 
and Fall Time 
4.5V 
7 
12 
15 
18 
ns 


6.0V 
6 
10 
13 
15 
ns 


tw 
Minimum 
Pulse Width 
2.0V 
30 
80 
100 
120 
ns 
4.5V 
9 
16 
20 
24 
ns 


6.0V 
8 
14 
18 
20 
ns 


tr.tf 
Maximum 
Output 
Rise 
2.0V 
1000 
1000 
1000 
ns 
and Fall Time 
4.5V 
500 
500 
500 
ns 


6.0V 
400 
400 
400 
ns 


CPO 
Power Dissipation 
Capacitance 
OC=VCC 
30 
pF 
(Note 5) 
OC=GND 
50 
pF 


CIN 
Maximum 
Input Capacitance 
5 
10 
10 
10 
pF 


COUT 
Maximum 
Output Capacitance 
15 
20 
20 
20 
pF 


Note 
5: CPO determines 
the 
no load dynamic 
power 
consumption, Po= Cpo 
Vcc2 
f+ Ice 
Vcc, 
and the 
no load dynamic 
current 
consumption, 


IS-Cpo Vcc f+lcc· 
Nole 
8: Referto Section1 for TypicalMM54174HCAC SwftchingWaveformsand Test Circuits. 


~National 
~ 
semiconductor 


MM54HC589/MM74HC589 
8-Bit Shift Registers with Input Latches 
and TRI-STATE® Serial Output 


General Description 


This high speed 
shift 
register 
utilizes 
microCMOSTM 
Tech- 
nology, 
3.5 micron 
silicon gate P-well CMOS, to achieve 
the 


high 
noise 
immunity 
and 
low power 
consumption 
of stan- 


dard CMOS 
integrated 
circuits, 
as well as the ability to drive 


15 LS-TIL 
loads. 


The 'HC589 
comes 
in a 16-pin package 
and consists 
of an 
8-bit storage 
latch feeding 
a parallel-in, 
serial-out 
8-bit shift 


register. 
Both 
the 
storage 
register 
and 
shift 
register 
have 
positive-edge 
triggered 
clocks. 
The 
shift 
register 
also 
has 


direct 
load (from 
storage) 
and a Tri-State 
output 
to enable 


the wire-ORing 
of multiple 
devices 
on a serial bus. 


The 54HC/74HC 
logic family 
is speed, 
function, 
and pinout 


compatible 
with 
the 
standard 
54LS174LS 
logic 
family. 
All 


inputs are protected 
from damage 
due to static discharge 
by 


internal 
diode clamps 
to Vcc 
and ground. 


16 Vee 


15 A 


14 SER 


E 
13 SlOAO 


12 RCK 


G 6 
11 SCK 


H 
10 DC 


GNO 
9 
OH' 


TL/F/5368-1 
MM54HC589/MM74HC589 


54HC589 (J) 
74HC589 (J,N) 


Features 


• 
8-Bit parallel 
storage 
register 
inputs 


• 
Wide operating 
voltage 
range: 
2V-6V 


• 
Shift register 
has direct 
overriding 
load 


• 
Guaranteed 
shift frequency 
.. 
" DC to 30 MHz 


• 
Low quiescent 
current: 
80 IJ-A maximum 
(74HC 
Series) 


• 
TRI-STATE 
output 
for 'Wire-OR' 


RCK 
SCK 
SLOAD 
OC 
Function 
t 
X 
X 
X 
Data loaded to input latches 


t 
X 
L 
H 
Data loaded from inputs to 


shift register 


No 
Data transferred 
from 


clock 
X 
L 
H 
input latches 
to shift 


edge 
register 


X 
X 
X 
L 
Serial output 
in high 


impedance 
state 


X 
t 
H 
H 
Shift register 
clocked 


QM=Qn.1,QO=SER 


UV 
"'..,Ul 
VV'lCl~" 
\VINI 
~ 
1.<oJ ~V 
"'(j('; 
I 
1.<oJ'" 
... 
... .........' 


DC Output Voltage 
(VOUT) 
-0.5 
to Vee+0.5V 
DC Input or Output Voltage 
0 
Vee 
V 


Clamp Diode Current 
(11K. 10K) 
±20mA 
(VIN,VOUT) 


DC Output Current. 
per pin (lOUT) 
±25mA 
Operating 
Temperature 
Range(T Al 
MM74HC 
-40 
+85 
'C 


DC Vee or GND Current. 
per pin (led 
±50mA 
MM54HC 
-55 
+125 
'C 


Storage 
Temperature 
Range (TSTG) 
- 65'C to + 150'C 
Input Rise or Fall Times 


Power Dissipation 
(PD) (Note 3) 
500mW 
(t,. tl) 
Vee=2.0V 
1000 
ns 


Lead Temperature 
(TJ (Soldering 
10 seconds) 
260'C 
Vcc=4.5V 
500 
ns 


VCC=6.0V 
400 
ns 


DC Electrical Characteristics 
(Note 
4) 


TA=25'C 
74HC 
54HC 


Symbol 
Parameter 
CondItIons 
Vcc 
TA = -40 
to 85'C 
TA= 
-55 
to 125'C 
Units 


Typ 
Guaranteed 
Limits 


VIH 
Minimum 
High Level. 
2.0V 
1.5 
1.5 
1.5 
V 


Input Voltage 
4.5V 
3.15 
3.15 
3.15 
V 


6.0V 
4.2 
4.2 
4.2 
V 


VIL 
Maximum 
Low Level 
2.0V 
0.3 
0.3 
0.3 
V 


Input Voltage 
4.5V 
0.9 
0.9 
0.9 
V 


6.0V 
1.2 
1.2 
1.2 
V 


VOH 
Minimum 
High Level 
VIN = VIH or VIL 


Output Voltage 
IIOUTI ,;;20 I-'A 
2.0V 
2.0 
1.9 
1.9 
1.9 
V 


4.5V 
4.5 
4.4 
4.4 
4.4 
V 


6.0V 
6.0 
5.9 
5.9 
5.9 
V 


VIN = VIH or VIL 


IIOUTI ';;4.0 mA 
4.5V 
3.98 
3.84 
3.7 
V 


/IOUTI';;5.2 
mA 
6.0V 
5.48 
5.34 
5.2 
V 


VOL 
Maximum 
Low Level 
VIN = VIH or VIL 


Output Voltage 
ltouTI';;20 
I-'A 
2.0V 
0 
0.1 
0.1 
0.1 
V 


4.5V 
0 
0.1 
0.1 
0.1 
V 


6.0V 
0 
0.1 
0.1 
. 
0.1 
V 


VIN=VIH 
or VIL 


IIOUTI,;;4.0 mA 
4.5V 
0.26 
0.33 
0.4 
V 


IIOUTI ';;5.2 mA 
6.0V 
0.26 
0.33 
0.4 
V 


IIN 
Maximum 
Input 
VIN = Vee or GND 
6.0V 
±0.1 
±1.0 
±1.0 
I-'A 
Current 


Ice 
Maximum 
Quiescent 
VIN=Vq::orGND 
6.0V 
8.0 
80 
160 
I-'A 
Supply Current 
IOUT=O I-'A 


Note 
1: Absolute 
Maximum 
Ratings are those values beyond which damage to the device may occur. 


Note 2: Unless otherwise 
specified 
all voltages are referenced 
to ground. 


Note 
3: Power 
DissIpation 
temperature 
derating 
- 
plastic 
"N" 
package: 
-12 
mWrC 
from 
65°C 
to 85°C; 
ceramic 
"J" 
package: 
-12 
mWrC 
from 
100'C to 12S·C. 


Note 
4: For a power supply of 5V ± 10% the worst case output voltages 
(VOH, and You occur for He at 4.5V. Thus the 4.5V values should be used when 
designing with this supply. Worst case VIH and VIL occur at Vcc =5.5V 
and 4.5V respectively. 
(The VIH value at 5.5V is 3.85V.) The worst case leakage current (lIN, 
Ice. and lozl 
occur for CMOS at the higher voltage and so the 6.QV values should be used. 


AC Electrical Characteristics 
Vcc=5V, 
TA=25°C, 
CL =15 
pF, 
tr=tf=6 
ns 


Symbol 
Parameter 
Conditions 
Typ 
Gusranteed 
Limit 
Units 


fMAX 
Maximum Operaijng 
Frequancy for SCK 
50 
30 
MHz 


tpHL, tpLH 
Maximu"! 
Propagation Delay From SCK to OH' 
30 
ns 


tpHL, tpLH 
Maximum Propagation Dalay From sa5AO to OH' 
30 
ns 


tpHL, tpLH 
Maximum Propagaijon 
Dalay From RCK to OH' 
SWAD~ 
logic '0' 
25 
45 
na 


tpZH, tpZL 
Output Enable Time 
RL =1kO 
18 
28 
ns 


lpHZ, tpLZ 
Output Disable Time 
RL=1kO 
CL -5 
pF 
19 
25 
ns 


Ig 
Minimum Set Up Time From RCK to SCK 
10 
20 
ns 


Ig 
Minimum Set Up Time From SER to SCK 
10 
20 
ns 


Ig 
Minimum Set Up Time From Inputs A thru H to RCK 
10 
20 
ns 


IH 
Minimum Hold Time 
-3 
0 
ns 


tw 
Minimum Pulse Width SCK, RCK, sa5AO 
8 
lB 
ns 


AC Electrical Characteristics 
Vcc=2,O-6V, 
CL =50 
pF, Ir=tf=6 
ns 
(unless 
otherwise 
specified) 


TA=25"C 
74HC 
54HC 


Symbol 
Parameter 
Conditions 
Vee 
TA= 
-40 
to 8S'C 
TA= 
-SSto12S'C 
Units 
Typ 
Guaranteed 
Limits 


fMAX 
Maximum Operating 
2.0V 
5 
4 
4 
MHz 
Frequency for SCK 
4.5V 
27 
21 
18 
MHz 
B.OV 
32 
25 
21 
MHz 


tpHL, tpLH 
Maximum Propagation 
2.0V 
B2 
175 
220 
2BB 
ns 
Delay From SCK to OH' 
4.5V 
20 
35 
43 
52 
ns 
B.OV 
18 
30 
37 
45 
ns 


tpHL, tpLH 
Maximum Propagation 
2.0V 
B2 
175 
220 
266 
ns 
Delay From sa5AO to OH' 
4.5V 
20 
35 
43 
52 
ns 
B.OV 
18 
30 
37 
45 
ns 


tpHL, tpLH 
Maximum Propagation 
2.0V 
120 
250 
312 
375 
ns 


Dalay From RCK to OH' 
SLOAD = logic '0' 
4.5V 
31 
50 
B3 
75 
ns 


B.OV 
28 
43 
53 
B5 
ns 


tpZH, tpZL 
OUtput Enable Time 
RL =1 kO 
2.0V 
70 
150 
189 
224 
ns 
4.5V 
22 
30 
38 
45 
ns 
B.OV 
20 
2B 
32 
38 
ns 


~Z,tpLZ 
Output Enable Time 
RL -1kO 
2.0V 
70 
150 
189 
224 
ns 
4.5V 
22 
30 
38 
45 
ns 
B.OV 
20 
2B 
32 
38 
ns 


Ig 
Minimum 
Set Up Time 
2.0V 
100 
125 
150 
ns 
From RCK to SCK 
4.5V 
20 
25 
30 
ns 


B.OV 
17 
22 
25 
ns 


Ig 
Minimum Set Up Time 
2.0V 
100 
125 
150 
ns 


From SER to SCK 
4.5V 
20 
25 
30 
ns 


B.OV 
, 
17 
22 
25 
ns 


Ig 
Minimum Set Time 
2.0V 
• 
100 
125 
150 
ns 
From Inputs A thru H 
4.5V 
20 
25 
30 
ns 


toRCK 
B.OV 
17 
22 
25 
ns 


IH 
Minimum Hold Time 
2.0V 
0 
0 
0 
ns 
4.5V 
0 
0 
0 
ns 
B.OV 
0 
0 
0 
ns 


tw 
Minimum Pulse Width 
2.0V 
30 
80 
100 
120 
ns 
SCK, RCK, scrn, SLOAD 
4.5V 
9 
1B 
20 
24 
ns 
B.OV 
8 
14 
17 
20 
ns 


tr,tf 
Maximum 
Input Rise and 
2.0V 
1500 
1500 
1500 
ns 
Fall Time 
4.5V 
500 
500 
500 
ns 
B.OV 
400 
400 
400 
ns 


tTHL. 
tTLH 
Maximum Output 
2.0V 
25 
60 
75 
90 
ns 
Rise and Fall Time 
4.5V 
B 
12 
15 
18 
ns 
B.OV 
5 
10 
12 
15 
ns 


CPO 
Power Dissipation 
pF 


capacitance 
(Note 5) 


C,N 
Maximum Input Capacitance 
5 
. 
10 
10 
10 
pF 


Coor 
Maximum Output Capacitance 
15 
20 
20 
20 
pF 


Note 
5: CPO determines 
the 
no load 
dynamic 
power 
consumption, 
PO-Cpo 
Vee2 
1+ lee 
Vee, 
and 
the 
no 
load 
dynamic 
current 
consumption, 
Is=Cpo 
Vee 1+lee· 


Note 6: Refer to Section 1 for Typical 
MM54/74HC 
AC Switching Waveforms 
and Test Circuits. 
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~National 
~ 
semiconductor 


MM54HC595/MM74HC595 
8-Bit Shift Registers with Output Latches 


General Description 
This high speed shift register utilizes microCMOSTMTech- 
nology, 3.5 micron silicon gate P-well CMOS. This device 
possesses the high noise immunity and low power con- 
sumption of standard CMOS integrated circuits, as well as 
the ability to drive 15 LS-TIL loads. 


This device contains an 8-bit serial-in, parallel-out shift reg- 
ister that feeds an 8-bit D-type storage register. The storage 
register has 8 TRI-STATE~ outputs. Separate clocks are 
provided for both the shift register and the storage register. 
The shift register has a direct-overriding clear, serial input, 
and serial output (standard) pins for cascading. Both the 
shift register and storage register use positive-edge trig- 
gered clocks. If both clocks are connected together, the 
shift register state will always be one clock pulse ahead of 
the storage register. 
The 54HC/74HC logic family is speed, function, and pinout 
compatible with the standard 54LS174LS logic family. All 
inputs are protected from damage due to static discharge by 
internal diode clamps to Vcc and ground. 


Features 
• 
Low quiescent current: 80 ,..A maximum (74HC Series) 


• 
Low input current: 1 ,..A maximum 
• 
8-Bit Serial-In, Parallel-Out Shift Register 
With Storage 
• 
Wide operating voltage range: 2V-6V 
• 
Cascadable 
• 
Shift Register Has Direct Clear 
• 
Guaranteed Shift Frequency: DC to 30 MHz 


16 
Vee 


15 aA 


14 SER 


13 G 


12 RCK 


11 SCK 


10 SClR 


9 aK' 


MM54HC595/MM74HC595 


54HC595 (J) 
74HC595 (J,N) 


RCK 
SCK 
SCLR 
G 
Function 


X 
X 
X 
1 
QAthru QH= Tri-State 


X 
X 
L 
X 
Shift Register cleared 


QH'=O 


X 
t 
H 
X 
Shift Register clocked 


QN=Qn-l, Qo=SER 


t 
X 
H 
X 
Contents of Shift 


Register transferred 
to output latches 


Absolute Maximum Ratings (Notes 
1 & 2) 
Operating Conditions 


Supply Voltage 
(Veel 
-0.5to 
+7.0V 
Mln 
Max 
Units 


DC Input Voltage 
(VIN) 
-1.5 
to Vee+1.5V 
Supply Voltag{l 
(Veel 
2 
6 
V 


DC Output 
Voltage 
(Vour) 
-0.5 
to Vee+0.5V 
DC Input or Output Voltage 
0 
Vee 
V 


Clamp Diode Current 
(11K,10K) 
±20 
mA 
(VIN,Vour) 


DC Output 
Current, 
per pin (lour) 
±35 
mA 
Operating 
Temperature 
Range (TA) 
MM74HC 
-40 
+85 
'C 
DC Vee or GND Current, 
per pin (Ieel 
±70mA 
MM54HC 
-55 
+125 
'C 
Storage 
Temperature 
Range (T8m) 
-65'Cto 
+ 150'C 
Input Rise or Fall Times 
Power Dissipation 
(Po) (Note 3) 
500mW 
(tr,tt> 
Vee=2.0V 
1000 
ns 


Lead Temperature 
(TU (Soldering 
10 seconds) 
260'C 
Vee=4.5V 
500 
ns 
Vee=6.0V 
400 
ns 


DC Electrical Characteristics 
(Note 
4) 


TA=25'C 
74HC 
54HC 


Symbol 
Parameter 
Condltlo!,s 
Vcc 
TA= 
-40 
to 85'C 
TA = -55 
to 125'C 
Units 
Typ 
Guaranteed 
Limits 


VIH 
Minimum 
High Level 
2.0V 
1.5 
1.5 
1.5 
V 
Input Voltage 
4.5V 
3.15 
3.15 
3.15 
V 
6.0V 
4.2 
4.2 
4.2 
V 


VIL 
Maximum 
Low Level 
2.0V 
0.3 
0.3 
0.3 
V 
Input Voltage 
4.5V 
0.9 
0.9 
0.9 
V 
6.0V 
1.2 
1.2 
1.2 
V 


VOH 
Minimum 
High Level 
VIN=VIH 
orVIL 
Output Voltage 
Iiourl 
,;;20 J.loA 
2.0V 
2.0 
1.9 
1.9 
1.9 
V 
4.5V 
4.5 
4.4 
4.4 
4.4 
V 
6.0V 
6.0 
5.9 
5.9 
5.9 
V 


QH' 
VIN=VIHorVIL 
Ilourj';;4.0 
mA 
4.5V 
4.2 
3.98 
3.84 
3.7 
V 


I 
lour 
';;5.2 mA 
6.0V 
5.2 
5.48 
5.34 
5.2 
V 


QA thruQH 
VIN = VIH or VIL 
Iiourl 
';;6.0 mA 
4.5V 
4.2 
3.98 
3.84 
3.7 
V 
lour 
';;7.8 mA 
6.0V 
5.7 
5.48 
5.34 
5.2 
V 


VOL 
Maximum 
Low Level 
VIN = VIH or VIL 
Output Voltage 
Ilourl';;20J.loA 
2.0V 
0 
0.1 
0.1 
0.1 
V 
4.5V 
0 
0.1 
0.1 
0.1 
V 
6.0V 
0 
0.1 
0.1 
0.1 
V 


QH' 
VIN = VIH or VIL 


Ilourl';;4 
mA 
4.5V 
0.2 
. 0.26 
0.33 
0.4 
V 
lour 
';;5.2 mA 
6.0V 
0.2 
0.26 
0.33 
0.4 
V 


QA thruQH 
VIN = VIH or VIL 
Iiourl 
';;6.0 mA 
4.5V 
0.2 
0.26 
0.33 
0.4 
V 
lour 
';;7.8 mA 
6.0V 
0.2 
0.26 
0.33 
0.4 
V 


IIN 
Maximum 
Input 
VIN=VeeorGND 
6.0V 
±0.1 
±1.0 
±1.0 
J.loA 
Current 


loz 
Maximum 
Tri·State 
Vour=Vee 
or GND 
6.0V 
±0.5 
±5.0 
±10 
J.loA 
Output 
Leakage 
Enable=VIH 


Ice 
Maximum 
Quiescent 
VIN = Vee or GND 
6.0V 
8.0 
80 
160 
J.loA 
Supply Current 
10ur=0 
J.loA 


Note 
1. Absolute 
Maximum Ratings are those values beyond which damage to the device may occur. 


Note 
2: Unless otherwise 
specified 
all voltages are referenced 
to ground. 


Note 
3: Power 
Dissipation 
temperature 
derating 
- 
plastic 
"N" 
package: 
-12 
mwrc from 
65°C to 85°C; 
ceramic 
"J" 
package: 
-12 
mWI'C 
from 
100°C to 125°C. 


Note 
4: For a power supply of 5V ± 10% the worst case output voltages 
(VOH, and Vou occur for He at 4.5V. Thus the 4.5V values should be used when 
d~si9ning with this supply. Worst case VIH and VIL occur at Vcc =5.5V 
and 4.5V respectively. 
(The V1Hvalue at 5.5V is 3.85V.) The worst case leakage current (tIN. 
ICC. and loz) occur for CMOS at the higher voltage and so the 6.QV values should be used. 


, 


Symbol 
Parameter 
Conditions 
Typ 
Guaranteed 
Units 
Limit 


fMAX 
Maximum 
Operatin~ 
50 
30 
MHz 


Frequency 
of SCK 


tpHL, tpLH 
Maximum 
Propagation 
CL =45 
pF 
12 
20 
ns 


Delay, SCK to QH' 


tPHL, tPLH 
Maximum 
Propagation 
CL =45 
pF 
18 
30 
ns 


Delay, RCK to QA thru QH 


tpZH, tpZL 
Maximum 
Output 
Enable 
RL =1 ko. 


Time From G to QA thru QH 
CL =45pF 
17 
28 
ns 


tPHZ, tpLZ 
Maximum 
Output 
Disable 
RL = ko. 
15 
25 
ns 


Time From G to QA thru QH 
CL =5pF 


ts 
Minimum 
Set Up Time 
20 
ns 


From SER to SCK 


ts 
Minimum 
Set Up Time 
20 
ns 


From SCLR to SCK 


ts 
Minimum 
Set Up Time 
40 
ns 


From SCK to RCK 


(See Note 5j 


tH 
Minimum 
Hold Time 
0 
ns 


From SER to SCK 


tw 
Minimum 
Pulse Width 
16 
ns 


ofSCKorRCK 


AC Electrical Characteristics 
Vcc=2.0-6.0V, 
CL =50 
pF, tr=tf=6 
ns 
(unless 
otherwise 
specified) 


TA=25'C 
74HC 
54HC 


Symbol 
Parameter 
Conditions 
Vcc 
TA = - 40 to 85'C 
TA = -55 
to 125'C 
Units 
Typ 
Guaranteed 
Limits 


fMAX 
Maximum 
Operating 
CL =50pF 
2.0V 
10 
5 
4 
4 
MHz 
Frequency 
4.5V 
45 
27 
21 
16 
MHz 
6.0V 
50 
32 
25 
21 
MHz 


tpHL, tpLH 
Maximum 
Propagation 
CL =50 
pF 
2.0V 
56 
115 
145 
171 
ns 
Delay From SCK to QH' 
CL=150pF 
2.0V 
63 
165 
206 
246 
ns 


CL =50pF 
4.5V 
14 
23 
29 
34 
ns 
CL =150 
pF 
4.5V 
17 
33 
42 
49 
ns 


CL =50pF 
6.0V 
10 
20 
25 
29 
ns 
CL =150 
pF 
6.0V 
14 
26 
35 
42 
ns 


tpHL, tpLH 
Maximum 
Propagation 
CL=50 
pF 
2.0V 
70 
150 
166 
225 
ns 
Delay From RCK to QA thru QH 
CL=150pF 
2.0V 
105 
200 
225 
250 
ns 


CL =50 
pF 
4.5V 
21 
30 
36· 
45 
ns 
CL =150 
pF 
4.5V 
26 
40 
50 
60 
ns 


CL =50pF 
6.0V 
16 
26 
33 
39 
ns 
CL =150pF 
6.0V 
26 
34 
43 
51 
.ns 


tpZH, tpZL 
Maximum 
Output 
Enable 
RL =1 kO 
From G to QA thru QH 
CL =50 
pF 
2.0V 
75 
150 
169 
224 
ns 
CL =150pF 
2.0V 
100 
200 
252 
296 
ns 


CL =50 
pF 
4.5V 
15 
30 
,36 
45 
ns 
CL =150 
pF 
4.5V 
20 
40 
50 
60 
ns 


CL =50pF 
6.0V 
13 
26 
32 
36 
ns 
CL =150 
pF 
6.0V 
17 
34 
43 
51 
ns 


tpHZ, tpLZ 
Maximum 
Output 
Disable 
RL =1 kO 
2.0V 
75 
150 
169 
224 
ns 
Time From G to QA thru QH 
CL =50pF 
4.5V 
15 
30 
36 
45 
ns 
6.0V 
13 
26 
32 
36 
ns 


ts 
Minimum 
Set Up Time 
2.0V 
100 
125 
150 
ns 
From SER to SCK 
4.5V 
20 
25 
30 
ns 
6.0V 
17 
21 
25 
ns 


Is 
Minimum 
Set Up Time 
2.0V 
100 
125 
150 
ns 
From SCLR to SCK 
4.5V 
20 
25 
30 
ns 
6.0V 
17 
21 
25 
ns 


ts 
Minimum 
Set Up Time 
2.0V 
200 
250 
300 
ns 
From SCK to RCK 
4.5V 
40 
50 
60 
ns 
6.0V 
34 
42 
50 
ns 


tH 
Minimum 
Hold Time 
2.0V 
0 
0 
0 
ns 
SERto 
SCK 
4.5V 
0 
0 
0 
ns 
6.0V 
0 
0 
0 
ns 


tw 
Minimum 
Pulse Width 
2.0V 
30 
80 
100 
120 
ns 
of SCK or RCLK 
4.5V 
9 
16 
20 
24 
ns 


6.0V 
6 
14 
16 
22 
ns 


1" tf 
Maximum 
Input Rise and 
2.0V 
11)00 
1000 
1000 
ns 
Fall Time 
4.5V 
500 
500 
500 
ns 
6.0V 
400 
400 
400 
ns 


tTHL, tTLH 
Maximum 
Output 
2.0V 
25 
60 
75 
90 
ns 
Rise and Fall Time 
4.5V 
7 
12 
15 
18 
ns 
6.0V 
6 
10 
13 
15 
ns 


CPO 
Power Dissipation 
G=Vcc 
90 
pF 
Capacitance, 
Outputs 
G=GND 
150 
pF 
Enabled 
(Note 6) 


CIN 
Maximum 
Input 
5 
10 
10 
10 
pF 
Capacitance 


COUT 
Maximum 
Output 
15 
20 
20 
20 
pF 
Capacitance 


Note 
6: CPO determines 
the 
no 
load 
dynamic 
power 
consumption, 
Po~ Cpo vee2 1+Ice Vee. and the no load 
dynamic 
current 
consumption, 
IS~Cpo Vee f+lee· 


Note 1: Refer to Section 1 for Typical MM54174 He AC Switching Waveforms 
and Test Circuits. 
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MM54HC597/MM74HC597 
8-Bit Shift Registers with Input Latches 


General Description 


This high speed shift register 
utilize microCMOSTM 
Technol- 


ogy, 3.5 micron 
silicon 
gate 
P-well 
CMOS. 
It has the 
high 


noise 
immunity 
and 
low 
power 
consumption 
of 
standard 


CMOS 
integrated 
circuits, 
as well as the ability 
to drive 
10 


L5- TIL 
loads. 


The 'HC597 
comes 
in a 16-pin package 
and consists 
of an 


8-bit storage 
latch feeding 
a parallel-in, 
serial-out 
8-bit shift 


register. 
Both 
the 
storage 
register 
and 
shift 
register 
have 


positive-edge 
triggered 
clocks. 
The 
shift 
register 
also 
has 


direct 
load (from storage) 
and clear inputs 


The 54HC/74HC 
logic family 
is speed, 
function, 
and pinout 


compatible 
with 
the 
standard 
54LS/74LS 
logic 
family. 
All 


inputs are protected 
from damage 
due to static discharge 
by 


internal 
diode clamps 
to Vcc 
and ground. 


MM54HC597/MM74HC597 


54HC597 
(J) 
74HC597 
(J,N) 


Features 


• 
8-Bit Parallel 
Storage 
Register 
Inputs 


• 
Wide 
operating 
voltage 
range: 
2V-6V 


• 
Shift 
Register 
has Direct 
Overriding 
Load and Clear 


• 
Guaranteed 
Shift Frequency 
... 
DC to 30 MHz 


• 
Low quiescent 
current: 
80 ",A maximum 


RCK 
SCK 
SLOAD 
SCLR 
Function 
t. 
X 
X 
X 
Data loaded 
to input latches 


t 
X 
L 
H 
Data loaded from inputs to 


shift register 


No 
Data transferred 
from 


clock 
X 
L 
H 
input latches 
to shift 


edge 
register 


X 
X 
L 
L 
Invalid logic, state of 


shift register 
indeterminate 


when signals 
removed 


X 
X 
H 
L 
Shift register 
cleared 


X 
t 
H 
H 
Shift register 
clocked 


On=On-1,Oo=SER 


Absolute Maximum Ratings (Notes 
1 & 2) 
Operating Conditions 


Supply Voltage 
(Vee) 
-0.5 
to + 7.0V 
Mln 
Max 
Units 


DC Input Voltage 
(VIN) 
-1.5toVcc+1.5V 
Supply Voltage 
(Vee) 
2 
6 
V 


DC Output 
Voltage 
(VOUT) 
-0.5 
to Vee+0.5V 
DC Input or Output Voltage 
0 
Vee 
V 


Clamp Diode Current 
(11K,10K> 
±20mA 
(VIN,VOUT) 


DC Output Current, 
per pin (lOUT) 
±25mA 
Operating 
Temperature 
Range (TA> 
MM74HC 
-40 
+85 
·C 


DC Vee or GND Current, 
per pin (Ieel 
±50mA 
MM54HC 
-55 
+125 
·C 


Storage 
Temperature 
Range 
(T8m) 
-65·Cto 
+ 150·C 
Input Rise or Fall Times 


Power Dissipation 
(Po) (Note 3) 
500mW 
(tr,tf) 
Vee=2.0V 
1000 
ns 


Lead Temperature 
(Tu (Soldering 
10 seconds) 
260·C 
Vee=4.5V 
500 
ns 


Vee=6.0V 
400 
ns 


DC Electrical Characteristics 
(Note 
4) 


TA=2SOC 
74HC 
54HC 


Symbol 
Parameter 
Conditions 
Vcc 
TA= 
-40 
to 85·C 
TA= 
-55 
to 125·C 
Units 


Typ 
Guaranteed 
Limits 


VIH 
Minimum 
High Level 
2.0V 
1.5 
1.5 
1.5 
V 


Input Voltage 
4.5V 
3.15 
3.15 
3.15 
V 


6.0V 
4.2 
4.2 
4.2 
V 


VIL 
Maximum 
Low Level 
2.0V 
0.3 
0.3 
0.3 
V 


Input Voltage 
4.5V 
0.9 
0.9 
0.9 
V 


6.0V 
1.2 
1.2 
1.2 
V 


VOH 
Minimum 
High Level 
VIN = VIH or VIL 


Output Voltage 
liouTI~20 
/LA 
2.0V 
2.0 
1.9 
1.9 
1.9 
V 


4.5V 
4.5 
4.4 
4.4 
4.4 
V 


6.0V 
6.0 
5.9 
5.9 
5.9 
V 


VIN=VIH 
or VIL 


IIOUTI~4.0mA 
4.5V 
4.2 
3.98 
3.84 
3.7 
V 


IIOUTI~5.2 
mA 
6.0V 
5.7 
5.48 
5.34 
5.2 
V 


VOL 
Maximum 
Low Level 
VIN=VIHorVIL 


Output Voltage 
IIOUTI~20 
/LA 
2.0V 
0 
0.1 
0.1 
0.1 
V 


4.5V 
0 
0.1 
0.1 
0.1 
V 


6.0V 
0 
0.1 
0.1 
0.1 
V 


VIN=VIHorVIL 


IIOUTI~4.0mA 
4.5V 
0.2 
0.26 
0.33 
0.4 
V 


IIOUTI~5.2 
mA 
6.0V 
0.2 
0.26 
0.33 
0.4 
V 


IIN 
Maximum 
Input 
VIN = Vee or GND 
6.0V 
±0.1 
±1.0 
±1.0 
/LA 
Current 


Ice 
Maximum 
Quiescent 
VIN = Vcc or GND 
6.0V 
8.0 
80 
160 
/LA 
Supply Current 
10UT=0 
/LA 


Note 
1: Absolute 
Maximum 
Ratings are those values beyond which damage to the device may occur. 


Note 2: Unless otherwise 
specified all voltages are referenced 
to ground. 


Note 
3: Power Dissipation temperature 
derating - 
plastic "N" 
package: 
-12 
mwrc 
from 
65°C to 85°C; ceramic 
"J" 
package: 
-12 
mwrc 
from 
100·Cto 12S·C. 


Note 4: For a power supplyof SV ±10% the worst case outputvoltages (VOH.and Vou occur for HC at 4.SV.Thusthe 4.SVvaluesshouldbe used when 
designingwiththissupply.WorstcaseVIHandVILoccurat Vcc =S.SVand4.SVrespectively.(TheVIHvalueat S.SVis 3.8SV.)Theworstcaseleakagecurrent(IIN. 
Ice. and 10zJoccur for CMOSat the highervoltageandso the 6.0Vvaluesshouldbe used. 


AC Electrical 
Characteristics 


Vcc=5V, 
TA=25°C, 
CL =15 
pF, tr=tf=6 
ns 


Symbol 
Parameter 
Conditions 
Typ 
Guaranteed 
Units 
Limit 


fMAX 
Maximum 
Operating 
50 
30 
MHz 


Frequency 
for SCK 


tpHL, tpLH 
Maximum 
Propagation 
20 
30 
ns 
Delay From SCK to QH' 


tpHL, tpLH 
Maximum 
Propagation 
20 
30 
ns 
Delay From SLOAD to QH' 


tpHL, tpLH 
Maximum 
Propagation 
25 
45 
ns 
Delay From RCK to QH' 
SLOAD = 10gic'0' 


tpHL 
Maximum 
Propagation 
20 
30 
ns 
Delay From SCLR to QH' 


tREM 
Minimum 
Removal 
Time, 
10 
20 
ns 
SCLRtoSCK 


ts 
Minimum 
Set Up Time 
30 
40 
ns 
From RCK to SCK 


ts 
Minimum 
Set Up Time 
10 
20 
ns 
From SER to SCK 


ts 
Minimum 
Set Up Time 
10 
20 
ns 
From Inputs A thru H 
toRCK 


tH 
Minimum 
Hold Time 
-2 
0 
ns 


tw 
Minimum 
Pulse Width 
10 
16 
ns 
SCK, RCK, SCLR SLOAD 
, 


AC Electrical 
Characteristics 


Vcc=2.0-6.0V, 
CL =50 
pF, tr=tf=6 
ns (unless 
otherwise 
specified) 


TA=25°C 
74HC 
54HC 


Symbol 
Parameter 
Conditions 
Vcc 
TA=-40t085°C 
TA = -55 
to 125°C 
Units 
Typ 
Guaranteed 
Limits 


fMAX 
Maximum 
Operating 
2.0V 
10 
5 
4 
4 
MHz 
Frequency 
for SCK 
4.5V 
45 
27 
21 
18 
MHz 
6.0V 
50 
32 
25 
21 
MHz 


tpHL. tpLH 
Maximum 
Propagation 
2.0V 
62 
175 
220 
263 
ns 
Delay From SCK to QH' 
4.5V 
20 
35 
44 
53 
ns 


\ 
6.0V 
18 
30 
38 
45 
ns 


tpHL, tpLH 
Maximum 
Propagation 
2.0V 
65 
175 
220 
263 
ns 
Delay From SLOAD 
to QH' 
4.5V 
20 
35 
44 
53 
ns 
6.0V 
18 
30 
38 
45 
ns 


tpHL, tpLH 
Maximum 
Propagation 
2.0V 
120 
250 
312 
375 
ns 
Delay From RCK to QH' 
SLOAD = Logic '0' 
4.5V 
30 
50 
65 
75 
, 
ns 
6.0V 
28 
43 
53 
65 
ns 


tpHL 
Maximum 
Propagation 
2.0V 
66 
175 
220 
263 
ns 
Delay From SCLR to QH' 
4.5V 
20 
35 
44 
53 
ns 
6.0V 
18 
30 
38 
45 
ns 


tREM 
Minimum 
Removal 
Time 
2.0V 
100 
125 
150 
ns 
SCLR toSCK 
4.5V 
20 
25 
30 
ns 
6.0V 
17 
21 
25 
ns 


ts 
Minimum 
Set Up Time 
2.0V 
200 
250 
300 
ns 
From RCK to SCK 
4.5V 
40 
50 
60 
ns 
6.0V 
34 
42 
50 
ns 


ts 
Minimum 
Set Up Time 
2.0V 
100 
125 
150 
ns 
From SER to SCK 
4.5V 
20 
25 
30 
ns 
6.0V 
17 
21 
25 
ns 


AC Electrical Characteristics 
CL =50 
pF, t,=tf=6 
ns 
(unless 
otherwise 
specified) 


TA=25oC 
74HC 
54HC 


Symbol 
Parameter 
Conditions 
VCC 
TA= 
-40 
to 85°C 
TA= 
-55 
to 125°C 
Units 
Typ 
Guaranteed 
Limits 


Is 
Minimum 
Set Up Time 
2.0V 
100 
125 
150 
ns 


From Inputs A thru H 
4.5V 
20 
25 
30 
ns 


toRCK 
6.0V 
17 
21 
25 
ns 


tH 
Minimum 
Hold Time 
2.0V 
0 
0 
0 
ns 


4.5V 
0 
0 
0 
ns 


6.0V 
0 
0 
0 
ns 


tw 
Minimum 
Pulse Width 
2.0V 
30 
80 
100 
120 
ns 


SCK,RCK,SCLR,SLOAD 
4.5V 
9 
16 
20 
24 
ns 


6.0V 
8 
14 
18 
20 
ns 


t" tf 
Maximum 
Input Rise and 
2.0V 
1000 
1000 
1000 
ns 


Fall Time 
4.5V 
500 
500 
500 
ns 


6.0V 
400 
400 
400 
ns 


tTHL, tTLH 
Maximum 
Output 
2.0V 
30 
75 
95 
·110 
ns 


Rise and Fall Time 
4.5V 
10 
15 
19 
22 
ns 


6.0V 
8 
13 
16 
19 
ns 


CPD 
Power Dissipation 
pF 


Capacitance 
(Note 5) 


CIN 
Maximum 
Input 
5 
10 
10 
10 
pF 


Capacitance 


COUT 
Maximum 
Output 
15 
20 
20 
20 
pF 


Capacitance 


Note 
5: CPO determines 
the 
no load dynamic 
power 
consumption, PO=CPD Vcc2 f+lcc 
Vcc. 
and the 
no load dynamic 
current 
consumption, 


IS~CPDVcc 1+Ice. 
Note 6: Refe, to Section1 fo, TypicalMM54174HCAC SwitchingWaveformsand Test Circuits. 
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SClR 
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SLOAO 1131 


~National 
~ 
semiconductor 


MM54HC640/MM74HC640 
Inverting Octal TRI-STATE® Transceiver 
MM54HC643/MM74HC643 
True-Inverting 
Octal TRI-STATE Transceiver 


General Description 


These 
TRI-ST ATE 
bi-directional 
buffers 
utilize 
micro- 
CMOSTM Technology, 
3.5 micron 
silicon gate P-well CMOS, 
and are intended 
for two-way 
asynchronous 
communication 
between 
data buses. 
They 
have 
high drive current 
outputs 
which 
enable 
high speed 
operation 
even when driving 
large 
bus 
capacitances. 
These 
circuits 
possess 
the 
low 
power 
consumption 
and 
high 
noise 
immunity 
usually 
associated 
with 
CMOS 
circuitry, 
yet 
have 
speeds 
comparable 
to low 
power 
Schottky 
TTL circuits. 


Each device 
has an active 
enable G and a direction 
control 
input, DIR. When 
DIR is high, data flows from the A inputs to 
the B outputs. 
When DIR is low, data flows from the B inputs 
to the A outputs. 
The MM54HC640/MM74HC640 
transfers 
inverted 
data from one bus to other 
and the MM54HC6431 
MM74HC643 
transfers 
inverted 
data from the A bus to the B 
bus and true data from the B bus to the A bus. 


These 
devices 
can 
drive 
up to 15 LS-TTL 
Loads, 
and 
all 
inputs are protected 
from damage 
due to static discharge 
by 
diodes 
to Vcc 
and ground. 


Features 


• 
Typical 
propagation 
delay: 
14 ns 


• 
Wide 
power 
supply 
range: 
2-6V 


• 
Low quiescent 
current: 
80 J.'A maximum 
(74 HC) 


• 
Tri-State 
outputs 
for connection 
to bus oriented 


systems 


• 
High Output 
Drive: 6 mA (min) 


MM54HC640/MM74HC640 


54HC640 
(J) 
74HC640 
(J,N) 


MM54HC643/MM74HC643 


54HC643 
(J) 
74HC643 
(J,N) 


Control 
Operation 
Inputs 


G 
DIR 
640 
643 


L 
L 
B data to A bus 
B data to A bus 


L 
H 
A data to B bus 
A data to B bus 


H 
X 
Isolation 
Isolation 


Absolute Maximum Ratings (Notes 
1 & 2) 
Operating Conditions 


Supply Voltage 
(Veel 
-0.5to 
+7.0V 
Mln 
Max 
Units 


DC Input Voltage 
DIR and G pins (VIN) 
-1.5 
to Vee+1.5V 
Supply Voltage(Vcc) 
2 
6 
V 


DC Output Voltage 
(VIN, VOUT) 
-0.5 
to Vee+0.5V 
DC Input or Output Voltage 


Clamp Diode Current 
(leD) 
±20mA 
(VIN,VOUT) 
0 
Vee 
V 


DC Output 
Current, 
per pin (lOUT) 
±35mA 
Operating 
Temperature 
Range(T N 
MM74HC 
-40 
+85 
·C 
DC Vcc or GND Current, 
per pin (Ieel 
±70mA 
MM54HC 
-55 
+125 
·C 
Storage 
Temperature 
Range (TSTG) 
- 65·C to + 150·C 
Input Rise/Fall 
Times 
Power Dissipation 
(PD) (Note 3) 
500 mW 
(t"td 
Vee=2.0V 
1000 
ns 


Lead Temperature 
(TU (Soldering 
10 seconds) 
260·C 
Vee=4.5V 
500 
ns 
Vee=6.0V 
400 
ns 


DC Electrical Characteristics 
(Note 
4) 


TA=25·C 
74HC 
54HC 


Symbol 
Parameter 
Conditions 
Vcc 
TA= 
-40 
to 85·C 
TA= 
-55 
to 125"C 
Units 
Typ 
Guaranteed 
Limits 


VIH 
Minimum 
High Level Input 
2.0V 
1.5 
1.5 
1.5 
V 


Voltage 
4.5V 
3.15 
3.15 
3.15 
V 


6.0V 
4.2 
4.2 
4.2 
V 


VIL 
Maximum 
Low Level Input 
2.0V 
0.3 
0.3 
0.3 
V 


Voltage 
4.5V 
0.9 
0.9 
0.9 
V 


6.0V 
1.2 
1.2 
1.2 
V 


VOH 
Minimum 
High Level Output 
VIN = VIH or VIL 
Voltage 
IIOUTI';;20 
jJ-A 
2.0V 
2.0 
1.9 
1.9 
1.9 
V 


4.5V 
4.5 
4.4 
4.4 
4.4 
V 


6.0V 
6.0 
5.9 
5.9 
5.9 
V 


VIN = VIH or VIL 


IIOUTI ';;6.0 mA 
4.5V 
4.2 
3.98 
3.84 
3.7 
V 


IIOUTI ,;;7.8 mA 
6.0V 
5.7 
5.48 
5.34 
5.2 
V 


VOL 
Maximum 
Low Level Output 
VIN = VIH or VIL 
Voltage 
lIoUTI';;20 
jJ-A 
2.0V 
0 
0.1 
0.1 
0.1 
V 


4.5V 
0 
0.1 
0.1 
0.1 
V 


6.0V 
0 
0.1 
0.1 
0.1 
V 


VIN = VIH or VIL 


IrOUTI';;6.0 
mA 
4.5V 
0.2 
0.26 
0.33 
0.4 
V 


IIOUTI';;7.8mA 
6.0V 
0.2 
0.26 
0.33 
0.4 
V 


IIN 
Input Leakage 
VIN=VeeorGND 
6.0V 
±0.1 
±1.0 
±1.0 
jJ-A 


Current (G and DIR) 


IOZ 
Maximum 
Tri-State 
Output 
VOUT=Vee 
or GND 
6.0V 
±0.5 
±5.0 
±10 
jJ-A 


Leakage 
Current 
Enable=VIH 


Ice 
Maximum 
Quiescent 
Supply 
VIN=Vee 
or GND 
6.0V 
8.0 
80 
160 
jJ-A 


Current 
IOUT=O jJ-A 


Note 
1: Maximum 
Ratings are those values beyond which damage to the device may occur. 


Note 2: Unless otherwise 
specified all voltages are referenced 
to ground. 


Note 
3: Power Dissipation temperature 
derating - 
plastic "N" 
package: 
-12 
mwrc 
from 65°C to 85°C; ceramic "J" package: -12 
mWre 
from 
100°C to 125·e. 


Note 
4: For a power supply of 5V ± 10% the worst case output voltages 
(VOH. and Vou occur for He at 4.5V. Thus the 4.5V values should be used when 
designing with this supply. Worst case VIH and VIL occur at Vcc=5.5V 
and 4.5V respectively. 
(The VIH value at 5.5V is 3.85V.) The worst case leakage current (IIN. 
Ice. and loz) occur for CMOS at the higher voltage and so the 6.QV values should be used. 


AC Electrical Characteristics 


Vcc=5V. 
TA=25'C. 
t,=tf=6 
ns 


Conditions 
Typ 
Guaranteed 
Units 
Symbol 
Parameter 
Limit 


tpHL. tpLH 
Maximum 
Propagation 
Delay 
CL =45 
pF 
13 
17 
ns 


tpHZ. tpLZ 
Maximum 
Output 
Enable Time 
RL =1 kO 
33 
42 
ns 


CL=45 
pF 


Maximum 
Output 
Disable Time 
RL =1 kO 
32 
42 
ns 


tPHZ. tpLZ 
- 
CL =5pF 


AC Electrical Characteristics 


Vcc=2.0V 
to 6.0V. CL =50 
pF. t,=tf=6 
ns (unless 
otherwise 
specified) 


TA=2S'C 
74HC 
S4HC 


Symbol 
Parameter 
Conditions 
Vcc 
TA= 
-40 
to 8S'C 
TA= 
-S5 
to 12S'C 
Units 
Typ 
Guaranteed 
Limits 


tpHL. 
Maximum 
Propagation 
Delay 
CL =50 
pF 
2.0V 
29 
72 
88 
96 
ns 


tpLH 
CL=150pF 
2.0V 
38 
96 
116 
128 
ns 


CL =50 
pF 
4.5V 
14 
18 
22 
24 
ns 


CL =150 
pF 
4.5V 
18 
24 
29 
32 
ns 
. 


CL =50 
pF 
6.0V 
14 
18 
22 
24 
ns 


CL =150 
pF 
6.0V 
18 
24 
29 
32 
ns 


tpZH. 
Maximum 
Output 
Enable 
RL =1 kO 


tpZL 
CL =50pF 
2.0V 
70 
184 
224 
240 
ns 


CL =150 
pF 
2.0V 
80 
216 
260 
284 
ns 


CL =50pF 
4.5V 
35 
46 
56 
60 
ns 


CL =150 
pF 
4.5V 
41 
54 
65 
71 
ns 


CL =50 
pF 
6.0V 
31 
41 
50 
54 
ns 


CL =150 
pF 
6.0V 
36 
47 
57 
62 
ns 


tPHZ. 
Maximum 
Output 
Disable 
RL =1 kO 
2.0V 
47 
172 
208 
224 
ns 


tpLZ 
Time 
CL =50 
pF 
4.5V 
33 
43 
52 
56 
ns 


6.0V 
31 
41 
50 
54 
ns 


tTHL. tTLH 
Output 
Rise and Fall Time 
2.0V 
20 
60 
75 
90 
ns 


4.5V 
6 
12 
15 
18 
ns 


6.0V 
5 
10 
13 
15 
ns 


CPO 
Power Dissipation 
643 B-A G = VIL 
100 
pF 


Capacitance 
(Note 5) 
640(643 
A-B) G = VIL 
120 
pF 


643G=VIH 
12 
pF 


640(643 
A-B) G = VIH 
6 
pF 


CIN 
Maximum 
Input Capacitance 
5 
10 
10 
10 
pF 


CIN/OUT 
Maximum 
Input/Output 
15 
20 
20 
20 
pF 


Capacitance. 
A or B 


Note 
5: CPO determines the no load dynamic power consumption, PO=CPD vcc2 
f+tcc 
Vcc. 
and the no load dynamic current 
consumption, 


IS~CPD 
VCC 1+ICC· 


Note 6: Refer to Section 1 for Typical MM54174HC 
AC Switching Waveforms 
and Test Circuits. 
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~National 
~ 
semiconductor 


MM54HC646/MM74HC646 
Non-Inverting 
Octal Bus Transceiver/Registers 
MM54HC648/MM74HC648 
Inverting Octal Bus Transceiver/Registers 


General Description 


These 
transceivers 
utilize 
microCMOSTM 
Technology, 
3.5 


micron 
silicon 
gate 
P-well 
CMOS, 
and contain 
two 
sets 
of 


TAI-STATE~ 
outputs, 
two sets of D-type flip-flops, 
and con- 


trol circuitry 
designed 
for high speed 
multiplexed 
transmis- 


sion of data. 


Six control 
inputs enable this device to be used as a latched 


transceiver, 
unlatched 
transceiver, 
or a combination 
of both. 
As a latched 
transceiver, 
data 
from 
one 
bus is stored 
for 


later 
retrieval 
by the 
other 
bus. 
Alternately 
real 
time 
bus 


data (unlatched) 
may be directly 
transferred 
from one bus to 


another. 


Circuit 
operation 
is determined 
by the G, DIA, 
CAB, 
CBA, 


SAB, 
SBA 
control 
inputs. 
The 
enable 
input, 
G, controls 


whether 
any bus outputs 
are enabled. 
The direction 
control, 


DIA, determines 
which 
bus is enabled, 
and hence the direc- 
tion data 
flows: 
The SAB, 
SBA inputs 
control 
whether 
the 


latched 
data 
(stored 
in D type 
flip flops), 
or the 
bus data 


(from 
other 
bus input 
pins) is transferred. 
Each 
set of flip- 


flops has its own clock CAB, and CBA, for storing data. Data 
is latched 
on the rising edge of the clock. 


Each 
output 
can 
drive 
up to 15 low 
power 
Schottky 
TTL 


loads. These 
devices 
are functionally 
and pin compatible 
to 


their 
LS- TTL 
counterparts. 
All 
inputs 
are 
protected 
from 


damage 
due 
to 
static 
discharge 
by 
diodes 
to 
Vce 
and 


ground. 


Features 


• 
Typical 
propagation 
delay: 
14 ns . 


• 
TAl-STATE 
outputs 


• 
Bi-directional 
communication 


• 
Wide 
power 
supply 
range: 
2-6V 


• 
Low quiescent 
supply 
current: 
160 IJ-A 
maximum 
(74HC) 


• 
High output 
current: 
6 mA (74HC) 


SELECT 


CLOCK 
BA 
ENABLE 
vcc 
8A 
GR" 
81 
82 
83 
84 
85 
Be 
87 
B8 


13 


Real-Time 
Transfer 


Bus Bto 
BusA 
Real-Time 
Transfer 
BusA 
to BusB 
Storage 
from 
A, B, or A and B 


~~ 
l~l 
~~ 
~~ 
~~ 
~~ 
t 
l 
110- 
1I0fl 
X 
I 
II 
l 
l 
II 
1 


TLIF/5345-1 


Transfer 
Stored 
Data 


toAorB 


Absolute Maximum Ratings (Notes 
1 & 2) 
Operating Conditi~ns 


Supply Voltage 
(Veel 
-0.5to 
+7.0V 
Mln 
Max 
Units 


DC Input Voltage 
(VIN) 
-1.5toVee+1.5V 
Supply Voltage(Vecl 
2 
6 
V 


DC Output 
Voltage 
(VOUT) 
-0.5 
to Vee+0.5V 
DC Input or Output Voltage 
0 
Vee 
V 


Clamp Diotle Current 
(11K.10K) 
±20mA 
(VIN,VOUT) 


Operating 
Temperature 
Range(T A) 
DC Output Current. 
per pin (lOUT) 
±35mA 
MM74HC 
-40 
+85 
·C 
DC Vee or GND Current, 
per pin (Ieel 
±70mA 
MM54HC 
-55 
+125 
·C 


Storage 
Temperature 
Range (TSTG) 
-65·Cto 
+150·C 
Input Rise or Fall Times 
Power Dissipation 
(Po) (Note 3) 
500mW 
(tr,tf) 
Vee=2.0V 
1000 
ns 


Lead Temperature 
(Tu (Soldering 
10 seconds) 
260·C 
Vee'=4.5V 
500 
ns 
Vee=6.0V 
400 
ns 


DC Electrical Characteristics 
(Note 
4) 


TA=25·C 
74HC 
54HC 


Symbol 
Parameter 
Conditions 
Vcc 
TA= 
-40to 
85·C 
TA = -55 
to 125·C 
Units 
Typ 
Guaranteed 
Limits 


VIH 
Minimum 
High Level 
2.0V 
1.5 
1.5 
1.5 
V 
Input Voltage 
4.5V 
3.15 
3.15 
3.15 
V 
6.0V 
4.2 
4.2 
4.2 
V 


VIL 
Maximum 
Low Level 
2.0V 
0.3 
0.3 
0.3 
V 
Input Voltage 
4.5V 
0.9 
0.9 
0.9 
V 
6.0V 
1.2 
1.2 
1.2 
V 


VOH 
Minimum 
High Level 
VIN=VIH 
or VIL 
Output Voltage 
liouTI:5:20 
/LA 
2.0V 
2.0 
1.9 
1.9 
1.9 
V 
4.5V 
4.5 
4.4 
4.4 
4.4 
V 
6.0V 
6.0 
5.9 
5.9 
5.9 
V 


, 
VIN=VIHorVIL 
IIOUTI:5:6.0 mA 
4.5V 
4.2 
3.96 
3.84 
3.7 
V 
lOUT :5:7.8 mA 
6.0V 
5.7 
5.46 
5.34 
5.2 
V 


VOL 
Maximum 
Low Level 
VIN=VIHorVIL 
Output Voltage 
IIOUTI:5:20 /LA 
2.0V 
0 
0.1 
0.1 
0.1 
V 
4.5V 
0 
0.1 
0.1 
0.1 
V 
6.0V 
0 
0.1 
0.1 
0.1 
V 


VIN=VIHorVIL 
IIOUTI:5:6.0 mA 
4.5V 
0.2 
0.26 
0.33 
0.4 
V 
lOUT :5:7.8 mA 
6.0V 
0.2 
0.26 
0.33 
0.4 
V 


IIN 
Maximum 
Input Current 
VIN=VCCorGND 
6.0V 
±0.1 
±1.0 
±1.0 
/LA 


loz 
Maximum 
TRI-STATE 
:'{OUT= Vee or GND 
Output 
Leakage 
G=VIH 
6.0V 
±0.5 
±5.0 
±10 
/LA 


Ice 
Maximum 
Quiescent 
VIN=VeeorGND 
6.0V 
8.0 
80 
160 
/LA 
Supply Current 
IOUT=O /LA 


Note 1: Absolute 
Maximum Ratings are those values beyond which damage to the device may occur. 


Note 2: Unless otherwise 
specified 
all voltages are referenced 
to ground. 


Note 
3: Power 
Dissipation 
temperature 
derating 
- 
plastic 
UN" package: 
-12 mwrc 
from 
65°C 
to 85°C; ceramic 
"J" 
package: 
-12 
mWrC from 
1QOoCto 125°C. 
Note 4: For a power supply of 5V ± 10% the worst case outputvoltages (VOH.and You occur for HC at 4.5V.Thusthe 4.5V valuesshouldbe used when 
designingwiththissupply.WorstcaseV,HandV,Loccurat Vee=5.5Vand4.5Vrespectively.(TheV,Hvalueat 5.5VIs3.S5V.)Theworstcaseleakagecurrent(I'N. 
Ice, and loz) occur for CMOSat the highervoltageand so the 6.0Vvaluesshouldbe used. 


Truth Table 


Inputs 
Data 110 
Operation 
or Function 


G 
DIR 
CAB 
CBA 
SAB 
SBA 
A1 ThruA8 
B1 Thru 
B8 
646 
648 


H 
X 
HorL 
HorL 
X 
X 
Input 
Input 
Isolation 
Isolation 
H 
X 
t 
t 
X 
X 
Store A and B Data 
Store A and B Data 


L 
L 
X 
X 
X 
L 
Output 
Input 
Real Time B Data to A Bus 
Real Time B Data to A Bus 
L 
L 
X 
X 
X 
H 
Stored 
B Data to A Bus 
Stored B Data to A Bus 


L 
H 
X 
X 
L 
X 
Input 
Input 
Real Time A Data to B Bus 
Real Time A Data to B Bus 
L 
H 
HorL 
X 
H 
X 
Stored A Data to B Bus 
Stored A Data to B Bus 


H = High Level L = Low Level X = Irrelevant i 
= low-ta-high 
level transition 


The data output functions Le., data at the bus pins may be enabled or disabled by various signals at the G and DIR inputs, Data input functions are always 
enabled. 


The data output functions Le., data at the bus pins will be stored on every low-to-high 
transition on the clock inputs. 


AC Electrical Characteristics 
MM54HC646/MM74HC646 


Vcc=5V. 
TA=25"C.t,.=tf=6 
ns 


Symbol 
Parameter 
Conditions 
Typ 
Guaranteed 
Units 
Limit 


fMAX 
Maximum 
Operating 
45 
30 
MHz 
Frequency 


tpHL, tpLH 
Maximum 
Propagation 
CL =45pF 
14 
25 
ns 


Delay, A or B Input 
to B or A Output 


tpHL. tpLH 
Maximum 
Propagation 
CL =45pF 
31 
40 
ns 
Delay, CBA or CAB 
Input to A or B Output 


tpHL, tpLH 
Maximum 
Propagation 
CL =45pF 
35 
50 
ns 
Delay. SBA or SAB Input to A 
or B Output, 
with A or B high 


tpHL, tpLH 
Maximum 
Propagation 
CL =45pF 
35 
50 
ns 
Delay, SBA or SAB Input to A 
or B Output, 
with A or Blow 


tpZH, tpZL 
Maximum 
Enable 
RL =1 kO 
18 
33 
ns 


Time G or DIR Input to 
CL =45pF 


AorBOutput 


tPHZ. tpLZ 
Maximum 
Disable 
RL =1 kO 
17 
30 
ns 


TIme, G or DIR Input to 
CL =5pF 


A orB 
Ou1put 


AC Electrical Characteristics 
MM54HC646/MM74HC646 


Vcc=2.0-6.0V, 
CL =50 
pF,t,.=tf=6 
ns (unless 
otherwise 
specified) 


TA=25"C 
74HC 
54HC 


Symbol 
Parameter 
Conditions 
Vcc 
TA= 
-40 
to 85°C 
TA= 
-55to 
125"C 
Units 
Typ 
Guaranteed 
Limits 


fMAX 
Maximum 
Operating 
CL =50pF 
2.0V 
5 
4 
3 
MHz 


Frequency 
4.5V 
27 
21 
18 
MHz 
6.0V 
31 
24 
20 
MHz 


tpHL, tpLH 
Maximum 
Propagation 
CL =50pF 
2.0V 
60 
180 
189 
225 
ns 


Delay, A or B Input 
CL =150 
pF 
2.0V 
80 
200 
250 
300 
ns 


to B or A Output 
CL =50pF 
4.5V 
21 
30 
37 
45 
ns 
CL =150 
pF 
4.5V 
30 
40 
50 
60 
ns 


CL =50 
pF 
6.0V 
18 
26 
31 
39 
ns 
CL =150 
pF 
6.0V 
22 
35 
44 
53 
ns 


tpHL. tpLH 
Maximum 
Propagation 
CL =50pF 
2.0V 
110 
220 
275 
330 
ns 


Delay, CBA or CAB 
CL =150pF 
2.0V 
150 
270 
338 
405 
ns 


Input to A or B Output 
CL =50pF 
4.5V 
31 
44 
55 
66 
ns 


CL =150 
pF 
4.5V 
40 
54 
68 
81 
ns 


CL =50pF 
6.0V 
28 
38 
47 
57 
ns 
CL =150 
pF 
6.0V 
34 
47 
59 
71 
ns 


tpHL, tpLH 
Maximum 
Propagation 
CL =50 
pF 
2.0V 
180 
290 
363 
435 
ns 
Delay, SBA or SAB 
CL=150pF 
2.0V 
210 
340 
425 
510 
ns 
Input to A or B Output, 
CL =50 
pF 
4.5V 
39 
58 
72 
87 
ns 
with A or B high 
CL =150 
pF 
4.5V 
47 
68 
85 
102 
ns 


CL =50 
pF 
6.0V 
34 
50 
63 
75 
ns 
CL =150 
pF 
6.0V 
39 
58 
72 
87 
ns 


AC Electrical Characteristics 
MM54HC646/MM74HC646 
(Continued) 


Vcc=2.0-6.0V. 
CL =50 
pF. tr=tf=6 
ns (unless 
otherwise 
specified) 


TA=25'C 
74HC 
54HC 


Symbol 
Parameter 
Conditions 
Vcc 
TA= 
-40to 
85'C 
TA= 
-55 
to 125'C 
Units 
Typ 
Guaranteed 
Limits 


tpHL, tPLH 
Maximum 
Propagation 
CL =50pF 
2.0V 
180 
290 
363 
435 
ns 


Delay. SBA or SAB 
CL =150 
pF 
2.0V 
210 
340 
425 
510 
ns 


Input to A or B Output. 
CL =50pF 
4.5V 
39 
58 
72 
87 
ns 
with A or Blow 
CL =150 
pF 
4.5V 
47 
68 
85 
102 
ns 


CL =50pF 
6.0V 
34 
50 
63 
75 
ns 


CL =150 
pF 
6.0V 
39 
58 
72 
87 
ns 


tPZH. tpZH 
Maximum 
Output 
Enable 
RL =1 kO 
Time, G Input or DIR to A or B 
CL =50 
pF 
2.0V 
80 
175 
219 
263 
ns 
Output 
CL =150 
pF 
2.0V 
120 
225 
281 
338 
ns 


CL =50 
pF 
4.5V 
23 
35 
44 
53 
ns 
CL =150 
pF 
4.5V 
31 
45 
56 
68 
ns 


CL =50 
pF 
6.0V 
21 
30 
37 
45 
ns 
CL =150 
pF 
6.0V 
27 
38 
48 
57 
ns 


tpHZ, tpLZ 
Maximum 
Output 
Disable 
RL =1 kO 
2.0V 
85 
175 
219 
263 
ns 


Time. G Input to A or B 
CL =50pF 
4.5V 
23 
35 
44 
53 
ns 


Output 
6.0V 
21 
30 
37 
45 
ns 


tTHL. tTLH 
Maximum 
Output 
Rise 
CL=50pF 
2.0V 
60 
75 
90 
ns 
and Fall Time 
4.5V 
12 
15 
18 
ns 
6.0V 
10 
13 
15 
ns 


ts 
Minimum 
Set Up Time 
2.0V 
100 
125 
150 
ns 
4.5V 
20 
25 
30 
ns 
6.0V 
17 
21 
25 
ns 


tH 
Minimum 
Hold Time 
2.0V 
0 
O· 
0 
ns 
4.5V 
0 
0 
0 
ns 


• 
6.0V 
0 
0 
0 
ns 


tw 
Minimum 
Pulse Width 
2.0V 
80 
100 
120 
ns 
of Clock 
4.5V 
16 
20 
24 
ns 
6.0V 
14 
18 
21 
ns 


tr.tf 
Maximum 
Input Rise and 
2.0V 
1000 
1000 
1000 
ns 
Fall Time 
4.5 
500 
500 
500 
ns 
6.0V 
400 
400 
. 
400 
ns 


CPO 
Power Dissipation 
pF 
Capacitance 
(Note 5) 


CIN 
Maximum 
Input 
5 
10 
10 
10 
pF 
Capacitance 


COUT 
Maximum 
Input 
15 
20 
20 
20 
pF 
Capacitance 


Symbol 
Parameter 
Conditions 
Typ 
Guaranteed 
Units 
Limit 


fMAX 
Maximum 
Operating 
44 
30 
MHz 
Frequency 


tpHL, tpLH 
Maximum 
Propagation 
CL =50pF 
14 
25 
ns 
Delay, A or B Input 
to B or A Output 


tpHL, tpLH 
Maximum 
Propagation 
CL =50'pF 
31 
40 
ns 
Delay, CBA or CAB 
Input to A or B Output 


tpHL, tpLH 
Maximum 
Propagation 
CL =50 
pF 
35 
50 
ns 
Delay, SBA or SAB Input to A 
or B Output, 
with A or B high 


tpHL, tpLH 
Maximum 
Propagation 
CL =50 
pF 
35 
50 
ns 
Delay, SBA or SAB Input to A 
or B Output, 
with A or Blow 


tpZH, tpZL 
Maximum 
Enable 
RL =1 kO 
18 
33 
ns 
Time G Input to 
CL =45 
pF 
AorBOutput 


tpHZ, tpLZ 
Maximum 
Disable 
RL =1 kO 
17 
30 
ns 
Time, G Input to 
CL =5 
pF 
Aor 
B Output 


AC Electrical Characteristics 
MM54HC648/MM74HC648 


Vcc=2.0-6.0V, 
CL =50 
pF, t,.=tf=6 
ns (unless 
otherwise 
specified) 


TA=25°C 
74HC 
54HC 


Symbol 
Parameter 
Conditions 
Vcc 
TA=-40to85°C 
TA= 
-55 
to 125°C 
UnIts 
Typ 
Guaranteed 
Limits 


fMAX 
Maximum 
Operating 
CL =50 
pF 
2.0V 
5 
4 
3 
MHz 
Frequency 
4.5V 
27 
21 
18 
MHz 
6.0V 
31 
24 
20 
MHz 


tPHL, tpLH 
Maximum 
Propagation 
CL =50 
pF 
2.0V 
60 
180 
189 
225 
ns 
Delay, A or B Input 
CL =150 
pF 
2.0V 
80 
200 
250 
300 
ns 
to B or A Output 
CL =50pF 
4.5V 
21 
30 
37 
45 
ns 
CL =150 
pF 
4.5V 
30 
40 
50 
60 
ns 


CL =50 
pF 
6.0V 
18 
26 
31 
39 
ns 
CL =150 
pF 
6.0V 
22 
35 
44 
53 
ns 


tpHL, tpLH 
Maximum 
Propagation 
CL =50pF 
2.0V 
110 
220 
275 
330 
ns 
Delay, CBA or CAB 
CL =150 
pF 
2.0V 
150 
270 
338 
405 
ns 
Input to A or B Output 
CL =50 
pF 
4.5V 
31 
44 
55 
66 
ns 
CL =150 
pF 
4.5V 
40 
54 
68 
81 
ns 


CL =50 
pF 
6.0V 
28 
38 
47 
57 
ns 
CL =150 
pF 
6.0V 
34 
47 
59 
71 
ns 


tpHL, tpLH 
Maximum 
Propagation 
CL =50 
pF 
2.0V 
180 
290 
363 
435 
ns 
Delay, SBA or SAB 
CL =150 
pF 
2.0V 
210 
340 
425 
510 
ns 
Input to A or B Output, 
CL =50 
pF 
4.5V 
39 
58 
72 
87 
ns 
with A or B high 
CL =150 
pF 
4.5V 
47 
68 
85 
102 
ns 


CL =50pF 
6.0V 
34 
50 
63 
75 
ns 
CL =150 
pF 
6.0V 
39 
58 
72 
87 
ns 


AC Electrical Characteristics 
MM54HC648/MM74HC648 
(Continued) 


VCC=2.0-6.0V, 
CL =50 
pF, t,.=tf=6 
ns (unless 
otherwise 
specified) 


TA=25"C 
74HC 
54HC 


Symbol 
Parameter 
Conditions 
Vcc 
TA= 
-40 
to 85"C 
TA= 
-55 
to 125"C 
Units 
Typ 
Guaranteed 
Limits 


tpHL, tpLH 
Maximum 
Propagation 
CL =50 
pF 
2.0V 
180 
290 
363 
435 
ns 


Delay, SBA or SAB 
CL =150 
pF 
2.0V 
210 
340 
425 
510 
ns 


Input to A or B Output, 
CL =50 
pF 
4.5V 
39 
58 
72 
87 
ns 
with A or Blow 
CL =150 
pF 
4.5V 
47 
68 
85 
102 
ns 


CL =50pF 
6.0V 
34 
50 
63 
75 
ns 


CL =150 
pF 
6.0V 
39 
58 
72 
87 
ns 


tpZL, tpZL 
Maximum 
Output 
Enable 
nL =1 kO 


Time, G Input or DIR to A or B 
CL =50 
pF 
2.0V 
80 
175 
219 
263 
ns 
Output 
CL =150 
pF 
2.0V 
120 
225 
281 
338 
ns 


CL =50pF 
4.5V 
23 
35 
44 
53 
ns 


CL =150 
pF 
4.5V 
31 
45 
56 
68 
ns 


CL =50 
pF 
6.0V 
21 
30 
37 
45 
ns 


CL =150 
pF 
6.0V 
27 
38 
48 
57 
ns 


tpHZ, tPLZ 
Maximum 
Output Disable 
RL =1 kO 
2.0V 
85 
175 
219 
263 
ns 


Time, G Input to A or B 
CL =50 
pF 
4.5V 
23 
35 
44 
53 
ns 


Output 
6.0V 
21 
30 
37 
45 
ns 


tTHL, tTLH 
Maximum 
Output 
Rise 
2.0V 
60 
75 
90 
ns 


and Fall Time 
CL =50 
pF 
4.5V 
12 
15 
18 
ns 


6.0V 
10 
13 
15 
ns 


Is 
Minimum 
Set Up Time 
2.0V 
100 
125 
150 
ns 


4.5V 
20 
25 
30 
ns 


6.0V 
17 
21 
25 
ns 


tH 
Minimum 
Hold Time 
2.0V 
0 
0 
0 
ns 


4.5V 
0 
0 
0 
ns 


6.0V 
0 
0 
0 
ns 


tw 
Minimum 
Pulse Width 
2.0V 
80 
100 
120 
ns 


of Clock 
4.5V 
16 
20 
24 
ns 


6.0V 
14 
18 
21 
ns 


tr,tf 
Maximum 
Input Rise and 
2.0V 
1000 
1000 
1000 
ns 
Fall Time 
4.5V 
500 
500 
500 
ns 


6.0V 
400 
400 
400 
ns 


CPO 
Power Dissipation 
pF 


Capacitance 
(Note 5) 


CIN 
Maximum 
Input Capacitance 
5 
10 
10 
10 
pF 


COUT 
Maximum 
Output 
15 
20 
20 
20 
pF 
Capacitance 


Note 
5: Cpo determines the no loed dynamic power consumption.Po- Cpo Vcc2 f+ Icc Vcc. 
and 
the no load dynamic current consumption. 


IS-Cpo Vcc 1+lcc· 
Note 6: ReIerto Section1 lor TypicalMM54/74HCAC SwitchingWaveformsandTest Circuits. 


~National 
~ 
semiconductor 


MM54HC688/MM74HC688 
8-Bit Magnitude Comparator (Equality Detector) 


General Description 
This equality detector utilizes microCMOSTMTechnology, 
3.5 micron silicon gate P-well CMOS, to compare bit for bit 
two 8-bit words and indicates whether or not they are equal. 
The P=Q output indicates equality when it is low. A single 
active low enable is provided to facilitate cascading of sev- 
eral packages and enable comparison of words greater than 
8 bits. 


This device is useful in memory block decoding applica- 
tions, where memory block enable signals must be generat- 
ed from computer address information. 
The comparator's output can drive 10 low power Schottky 
equivalent loads. This comparator is functionally and pin 


compatible to the 54LS688/74LS688. All inputs are protect- 
ed from damage due to static discharge by diodes to Vcc 
and ground. 


Features 
• 
Typical propagation delay: 20 ns 
• 
Wide power supply range: 2-6V 
• 
Low quiescent current: 80 /LA (74 series) 
• 
Large output current: 4 mA (74 series) 
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GNO 


TLIF/5018-1 


MM54HC688/MM74HC688 


54HC688 (J) 
74HC688 (J,N) 


Inputs 


Data 
Enable 
P,Q 
G 
P=Q 


P=Q 
L 
L 


P> Q 
L 
H 
P<Q 
L 
H 


X 
H 
H 


Absolute 
Maximum Ratings 
(Notes 
1 and 
2) 
Operating 
Conditions 


Supply Voltage 
(Veel 
-0.5 
to + 7.0V 
Mln 
Max 
.Units 


DC Input Voltage 
(VIN) 
-1.5 
to Vee+1.5V 
Supply Voltage 
(Veel 
2 
6 
V 


DC Output 
Voltage 
(Vour) 
-0.5 
to Vee+0.5V 
DC Input or Output Voltage 
0 
Vee 
V 


Clamp Diode Current 
(11K, 10K) 
±20mA 
(VIN,Vour) 


DC Output Current, 
per pin (lour) 
±25mA 
Operating 
Temperature 
Range (TA) 
MM74HC 
-40 
+85 
·C 
DC Vee or GND Current, 
per pin (Ieel 
±50mA 
MM54HC 
-55 
+125 
·C 
Storage 
Temperature 
Range (TSrG) 
-65·Cto 
+150·C 
Input Rise or Fall Times 
Power Dissipation 
(Po) (Note 3) 
'500mW 
(tr, tt) 
Vee=2.0V 
1000 
ns 


lead 
Temperature 
(Tt.l (Soldering 
10 seconds) 
260·C 
Vee=4.5V 
500 
ns 
Vee=6.0V 
400 
ns 


DC Electrical Characteristics 
(Note 
4) 


TA=2S·C 
74HC 
S4HC 


Symbol 
Parameter 
Conditions 
Vcc 
TA= -40 
to 85·C 
TA= -55t0125·C 
Units 
Typ 
Guaranteed limits 


VIH 
Minimum 
High level 
2.0V 
1.5 
1.5 
1.5 
V 


Input Voltage 
4.5V 
3.15 
3.15 
3.15 
V 


6.0V 
4.2 
4.2 
4.2 
V 


VIL 
Maximum 
low 
level 
2.0V 
0.3 
0.3 
0.3 
V 


Input Voltage 
4.5V 
0.9 
0.9 
0.9 
V 


6.0V 
1.2 
1.2 
1.2 
V 


VOH 
Minimum 
High level 
VIN=VIHorVIL 
Output Voltage 
Ilourl";20 
J.'A 
2.0V 
2.0 
1.9 
1.9 
1.9 
V 


4.5V 
4.5 
4.4 
4.4 
4.4 
V 


6.0V 
6.0 
5.9 
5.9 
5.9 
V 


VIN=VIHorVIL 
Houri,,; 
4.0 mA 
4.5V 
4.2 
3.98 
3.84 
3.7 
V 


Houri,,; 
5.2 mA 
6.0V 
5.7 
5.48 
5.34 
5.2 
V 


VOL 
Maximum 
low 
level 
VIN = VIH or VIL 
Output 
Voltage 
!lour!";20J.'A 
2.0V 
0 
0.1 
0.1 
0.1 
V 


4.5V 
0 
0.1 
0.1 
0.1 
V 


6.0V 
0 
0.1 
0.1 
0.1 
V 


VIN=VIH.orVIL 
Houri,,; 
4.0 mA 
4.5V 
0.2 
0.26 
0.33 
0.4 
V 


Ilourl";5.2 
mA 
6.0V 
0.2 
0.26 
0.33 
0.4 
V 


IIN 
Maximum 
Input 
VIN=VeeorGND 
6.0V 
±0.1 
±1.0 
±1.0 
J.'A 
Current 


Ice 
Maximum 
Quiescent 
VIN=VeeorGND 
6.0V 
8.0 
80 
160 
J.'A 
Supply Current 
lour=O 
J.'A 


Note 
1: Absolute 
Maximum 
Ratings are those values beyond which damage 
to the device may occur. 


Note 
2: Unless otherwise 
specified 
all voltages 
are referenced to ground. 


Note 
3: Power Dissipation temperature 
derating - 
plastic "N" 
package: 
-12 
mwrc 
from 65°C 
to 85°C; ceramic 
"J" 
package: 
-12 
mWI"C 
from 


100·C to 125·C, 


Note 
4: For a power 
supply of 5V ± 10% 
the worst case output voltages 
(VOH. and You occur for He at 4.5V. 
Thus the 4.5V 
values 
should be used when 
designing with this supply. Worst case VIH and VIL occur at Vcc= 
5.5V and 4.5V respectively. 
(The VIH value at 5.5V is 3.85V.) 
The worst case leakage 
current (IIN. 
lee. 
and IOz) occur for CMOS 
at the higher voltage 
and so the 6.0V values should be used. 


, 


AC Electrical Characteristics 


Vcc=5V, 
TA=25°C, 
CL =15 
pF, tr=tf=6 
ns 


Symbol 
Parameter 
Conditions 
Typ 
Guaranteed 
Units 
Limit 


tpHL, tpLH 
Maximum 
Propagation 
21 
30 
ns 


Delay, Any P or Q to Output 


tpLH, tpHL 
Maximum 
Propagation 
14 
20 
ns 


Delay, Enable to any Output 


AC Electrical Characteristics 


Vcc=2.0V 
to 6.0V, CL =50 
pF, tr=tf=6 
ns (unless 
otherwise 
specified) 


TA=25°C 
74HC 
54HC 


Symbol 
Parameter 
Conditions 
Vcc 
TA= 
-40to 
85°C 
TA = -55 
to 125°C 
Units 
Typ 
,Guaranteed 
Limits 


tpHL, tpLH 
Maximum 
Propagation 
2.0V 
60 
175 
220 
263 
ns 


Delay 
4.5V 
22 
35 
44 
53, 
ns 


6.0V 
19 
30 
38 
45 
ns 


tpHL, tpLH 
Maximum 
Propagation 
2.0V 
45 
120 
150 
180 
ns 


Delay 
4.5V 
15 
24 
30 
36 
ns 


6.0V 
13 
20 
25 
30 
ns 


tTHL, tTLH 
Maximum 
Output 
Rise 
2.0V 
30 
75 
95 
110 
ns 


and Fall Time 
4.5V 
8 
15 
19 
22 
ns 


6.0V 
7 
13 
16 
19 
ns 


CPO 
Power Dissipation 
45 
pF 


Capacitance 
(Note 5) 


CIN 
Maximum 
Input 
5 
10 
10 
10 
pF 


Capacitance 


Note 
5: CPO determines 
the no load dynamic 
power 
consumption, PO=CPD Vcc2 
f+lcc,.Vcc. 
and the no load dynamic 
current 
consumption, 


IS~ CPOVcc 1+ Ice· 
Nole 6: Refer10 Section1 for Typical MM54/74HCAC SwijchingWaveformsandTest Circuijs. 
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General Description 
The MM74HC942 is a full duplex low speed modem. It pro- 
vides a 300 baud bidirectional series interface for data com- 
munication over telephone lines and other narrow band- 
width channels. It is Bell 103 compatible. 
The MM74HC942 utilizes microCMOSTMTechnology, 2 lay-' 
ers of polysilicon and 1 layer of metal P-well CMOS. 
Switched capacitor techniques are used to perform analog 
signal processing. 


MODULATOR 
SECTION 
The modulator contains a frequency synthesizer and a sine 
wave synthesizer. It produces a phase coherent frequency 
shift keyed (FSK) output. 


LINE DRIVER 
AND HYBRID 
SECTION 
The line driver and hybrid are designed to facilitate connec- 
tion to a 600 n phone line. They can perform two to four 
wire conversion and drive the line at 0 dBm. 


DEMODULATOR 
SECTION 
The demodulator incorporates anti-aliasing filters, a receive 
filter, limiter, discriminator, and carrier detect circuit. The 
nine pole receive filter provides 60 dB of transmitted tone 
rejection. The discriminator is fully balanced for stable 
operation. 


Features 


• 
Drives 600n at 0 dBm 
• 
All filters on chip 
• 
Transmit 
level adjustment 
compatible 
with 
universal 
service order code 
• 
TIL and CMOS compatible logic 
• 
All inputs protected against static damage 
• 
± 5V supplies 
• 
Low power consumption 
• 
Full duplex answer or originate operation 
• 
Analog loopback for self test 
• 
Power down mode 


Applications 


• 
Built-in low speed modems 
• 
Remote data collection 
• 
Radio telemetry 
• 
Credit verification 
• 
Stand-alone modems 
• 
Point-of-sale terminals 
• 
Tone signalling systems 
• 
Remote process control 


OSI 
20 
TLA 


ALa 
19 
GNO 


CD 
18 
EXI 


COT 
17 
TXA 


RXO 
18 
RXA1 


VCC 
15 
RXA2 


COA 
,. 
SOT 


XTALO 
13 
oil. 


XTALS 
12 
vaa 


FTLC 
10 
11 
TXO 


TL/F/53'8-1 
MM74HC942 


74HC942 
(J,N) 


TLA 
SOT 


AlB 
M 


TXD 


OS! 


TIA 
"0 


EXI 


F!XA2 


AXAl 


Absolute 
Maximum Ratings 
(Notes 
1 & 2) 
Operating 
Conditions 


Supply Voltage 
(Vecl 
-0.5 
to + 7.0V 
Mln 
Max 
Units 


Supply Voltage 
(Vss) 
+0.5 
to -7.0V 
Supply Voltage(Vce) 
4.5 
5.5 
V 


DC Input Voltage 
(VIN) 
Vss-1.5 
to Vee+1.5V 
Supply Voltage(Vss) 
-4.5 
-5.5 
V 


DC Output Voltage 
(VOUT) 
Vss-0.5 
to Vce+0.5V 
DC Input or Output Voltage 
0 
Vce 
V 


Clamp Diode Current 
(11K, 10K> 
±20mA 
(VIN,VOUT) 


DC Output Current, 
per pin (lOUT) 
±25mA 
Operating 
Temperature 
Range(T Al 
MM74HC 
-40 
+85 
·C 
DC Vee or GND Current, 
per pin (Ice) 
±50mA 
Input Rise or Fall Times 
Storage 
Temperature 
Range (TSTG) 
-65·Cto 
+ 1500C 
(t" tll 
500 
ns 
Power Dissipation 
(Po) (Note 3) 
500mW 
Crystal frequency 
3.579 
MHz 


Lead Temperature 
(T L>(Soldering 
10 seconds) 
260·C 


DC Electrical 
Characteristics 


T=2S·C 
74HC 


Symbol 
Parameter 
Conditions 
T= 
-40 
to 8S·C 
Units 
Typ 
Guaranteed 
Limits 


VIH 
Minimum 
High Level 
3.15 
3.15 
V 


Input Voltage 


VIL 
Maximum 
Low Level 
1.1 
1.1 
V 


Input Voltage 


VOH 
Minimum 
High Level 
V,N = VIH or V,L 


Output 
Voltage 
IIOUTI = 20 !LA 
Vec 
Vcc-0.1 
Vee-0.1 
V 


IIOUTI=4.0 
mA, Vce=4.5V 
3.98 
3.7 
V 


VOL 
Maximum 
Low Level 
VIN = V,H or VIL 


Voltage 
ltouTI=20 
!LA 
0.1 
0.1 
V 


IIOUTI = 4.0 mA, Vce = 4.5V 
0.26 
0.4 
V 


IIN 
Maximum 
Input 
VIN = Vce or GND 
±0.1 
±1.0 
!LA 


Current 


Ice 
Maximum 
Quiescent 
VIN=Vce, 
VIL =GND 
8.0 
mA 


Supply Current 
ALB or SQT=GND 


Transmit 
Level 
= 
-9 
dBm 


Ice 
Power Down Supply Current 
ALB=SQT=Vce 
250 
!LA 


V'H=Vce, 
VIL =GND 


Note 
1: Absolute 
Maximum 
Ratings 
are those values 
beyond which damage 
to the device 
may occur. 


Note 
2: Unless otherwise 
specified 
all voltages 
are referenced 
to ground. 


Note 
3: Power 
Dissipatk>n temperature 
derating - 
plastic "N" 
package: 
-12 
mwrc 
from 65°C 
to 85°C; 
ceramic "J" 
package: 
-12 
mWrC from 


100·Cto 12S·C. 


·The 
demodulator 
specifications 
apply to the MM74HC942 
operating 
with a modulator 
having frequency 
accuracy, 
phase jitter and harmonic 
content 
equal to or 


better thanthe MM74HC942modulator. 


. 


. 


AC Electrical Characteristics 


Unless 
otherwise 
specified 
all specifications 
apply to the MM74HC942 
over the range 
-40·C 
to + 85·C using a Vcc 
= 
+5V 


±10%, 
a Vaa 
= 
-5V 
±10% 
and a 3.579MHz 
±0.1% 
crystal.· 


Symbol 
Parameter 
Conditions 
Mln 
Typ 
Max 
Units 


TRANSMITTER 


FeE 
Carrier Frequency 
Error 
4 
Hz 


Power Output 
Vcc=5.0V 
RTlA 
= 0 
0 
dBm 


RL=1.2kO 
RTlA 
= 
00 
-12 
dBm 


2nd Harmonic 
Energy 
-56 
dBm 


RECEIVE 
FILTER 
AND HYBRID 


Hybrid Input Impedance 
50 
kO 
(Pins 15 and 16) 


FTLC Output 
Impedance 
10 
50 
kO 


Adjacent 
Channel 
Rejection 
RXA2=GND 
TXA=GNDorVcc 
60 
dB 


Input to RXA1 


DEMODULATOR 
(INCORPORATING 
HYBRID, 
RECEIVE 
FILTER 
AND DISCRIMINATOR) 


Carrier Amplitude 
-48 
-12 
dBm 


Dynamic 
Range 
36 
dB 


Bit Jitter 
SNR = 30dB 
} 


100 
/loS 
Input = 
-38 
dBm 


Baud Rate 
= 300 Baud 


Bit Bias 
5 
% 


Carrier Detect Trip Points 
CDA = 1.2V Off to On 
-44 
dBm 


On to Off 
-47 
dBm 


AC Specification 
Circuit 


3.5795 MHz ± 0.1 % 


SUPPLIESVcc = + 5V 
~D~ 


VBB= -5V 


RTLA 
Vcc 
... 
TLA 
~ 
TXA 
~ 
RXA2 
+-- OATAINPUT 
TXO 


600 
MM74HC942 


TEST 
. 


OUTPUT 
RXO ---+ OATAOUTPUT 


£6~0 
RXA1 


TEST ~ 
COT 
COA 
FTLC 


INPUT = 
J-. 


1 
1'F ...i.. 0 1 
F ...i.. 0.1 I'F 
- 
T'I' 
T±10% 
T 
- 
- 
TLiF/5348-3 
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Description 
of Pin Functions 


Pin 
Name 
Function 
No. 


1 
Driver Summing 
Input: This may be used to 


transmit 
externally 
generated 
tones 
such as 
dual tone multifrequency 
(DTMF) dialing sig- 


nals. 


Analog 
Loop 
Back: 
A logic high on this pin 
causes 
the modulator 
output 
to be connect- 
ed to the demodulator 
input so that data is 


looped 
back through 
the entire 
chip. This is 


used as a chip self test. If ALB and SaT 
are 


simultaneously 
held 
high 
the 
chip 
powers 


down. 


Carrier 
Detect: 
This pin goes to a logic low 


when 
carrier 
is sensed 
by the carrier 
detect 


circuit. 


Carrier 
Detect 
Timing: 
A capacitor 
on this 


pin 
sets 
the 
time 
interval 
that 
the 
carrier 


must be present 
before 
the CD goes low. 


Received 
Data: This is the data outpin 
pin. 


Positive 
Supply 
Pin: A + 5V supply is recom- 


mended. 


\ 


Carrier 
Detect 
Adjust: 
This 
is used 
for ad- 


justment 
of the carrier detect 
threshold. 
Car- 


rier detect 
hysteresis 
is set at 3 ·dB. 


Crystal 
Drive: 
XTALD 
and 
XTALS 
connect 


to a 3.5795 
MHz crystal 
to generate 
a crys- 


tal locked 
clock 
for the chip. 
If an external 


circuit 
requires 
this clock 
XT ALD should 
be 


sensed. 
If a suitable 
clock 
is already 
avail- 


able in the system, 
XT ALD can be driven. 


Crystal 
Sense: 
Refer to pin 8 for details. 


Filter 
Test/Limiter 
Capacitor: 
This 
is con- 


nected 
to a high 
impedance 
output 
of the 


receive 
filter. 
It may thus be used to evalu- 


RXD 


Vcc 


XTALS 


FTLC 


TXD 


Vss 


ate filter performance. 
This pin may also be 


driven 
to evaluate 
the 
demodulator. 
RXA1 


and 
RXA2 
must 
be 
grounded 
during 
this 


test. 


For normal 
modem 
operation 
FTLC 
is AC 


grounded 
via a 0.1 /'oF bypass 
capacitor. 


Transmitted 
Data: This is the data input. 


Negative 
Supply: 
The recommended 
supply 


is -5V. 


Originate/ 
Answer 
mode 
select: 
When 
logic 


high this 
pin selects 
the 
originate 
mode 
of 


operation. 


Squelch 
Transmitter: 
This disables 
the mod- 


ulator 
when 
held 
high. 
The 
EXI 
input 
re- 


mains 
active. 
If SaT 
and ALB 
are simulta- 


neously 
held high the chip powers 
down. 


Receive 
Analog 
#2: 
RXA2 
and 
RXA1 
are 


analog 
inputs. 
When 
connected 
as recom- 


mended 
they produce 
a 600n 
hybrid. 


Receive 
Analog 
# 1: See RXA2 for details. 


Transmit 
Analog: 
This 
is the 
output 
of the 


line driver. 


External 
Input: This is a high impedance 
in- 


put to the line driver. This input may be used 
to 
transmit 
externally 
generated 
tones. 


When 
not used for this purpose 
it should 
be 


grounded. 


Ground: 
This defines 
the chip OV. 


Transmit 
Level 
Adjust: 
A resistor 
from 
this 


pin to Vcc 
sets the transmit 
level. 


RXA1 


TXA 


GND 


TLA 


Functional Description 


INTRODUCTION 


A modem 
is a device 
for transmitting 
and 
receiving 
serial 
data over a narrow 
bandwidth 
communication 
channel. 
The 


MM74HC942 
uses frequency 
shift keying 
(FSK) of an audio 


frequency 
tone. 
The 
tone 
may 
be 
transmitted 
over 
the 
switched 
telephone 
network 
and 
other 
voice 
grade 
chan- 


nels. 
The 
MM74HC942 
is also 
capable 
of 
demodulating 
FSK signals. 
By suitable 
tone 
allocation 
and considerable 
signal 
processing 
the MM74HC942 
is capable 
of transmit- 
ting and receiving 
data simultaneo'usly. 


The tone allocation 
by the MM74HC942 
and other 
Bell 103 


compatible 
modems 
is shown 
in Table 
I. The terms 
"origi- 


nate" 
and "answer" 
which 
define 
the frequency 
allocation 


come from 
use with telephones. 
The modem 
on the end of 


the 
line which 
initiates 
the call 
is called 
the originate 
mo- 
dem. The other 
modem 
is the answer 
modem. 


Data 
Originate 
Modem 
Answer 
Modem 


Transmit 
Receive 
Transmit 
Receive 


Space 
1070Hz 
2025Hz 
2025Hz 
1070Hz 


Mark 
1270Hz 
2225Hz 
2225Hz 
1270Hz 


THE LINE INTERFACE 


The line interface 
section 
performs 
two to four wire conver- 


sion 
and 
provides 
impedance 
matching 
between 
the 
mo- 


dem and the phone 
line. 


THE LINE DRIVER 


The line driver is a power 
amplifier 
for driving 
the line. If the 


modem 
is operating 
as an originate 
modem, 
the second 
har- 


monics 
of the transmitted 
tones fall close to the frequencies 


of the 
received 
tones 
and 
degrade 
the 
received 
signal 
to 


noise 
ratio 
(SNR). 
The 
line driver 
must 
thus 
produce 
low 


second 
harmonic 
distortion. 


THE HYBRID 


The voltage 
on the telephone 
line is the sum of the transmit- 


ted and received 
signals. 
The hybrid subtracts 
the transmit- 
ted voltage 
from 
the voltage 
on the telephone 
line. 
If the 
telephone 
line was 
matched 
to the 
hybrid 
impedance, 
the 


output 
of the hybrid would 
be only the received 
signal. 
This 


rarely 
happens 
because 
telephone 
line 
characteristic 
im- 


pedances 
vary 
considerably. 
The 
hybrid 
output 
is thus 
a 


mixture 
of transmitted 
and received 
signals. 


Functional Description 
(Continued) 


THE DEMODULATOR 
SECTION 


The Receive 
Filter 
The demodulator recovers the data from the received sig- 
nals. The signal from the hybrid is a mixture of transmitted 
signal. received signals and noise. The first stage of the 
receive filter is an anti-alias filter which attenuates high fre- 
quency noise before sampling occurs. The signal then goes 
to the second stage of the receive filter where the transmit- 
ted tones and other noise are filtered from the received sig- 
nal. This is a switched capacitor nine pole filter providing at 
least 60 dB of transmitted tone rejection. This also provides 
high attenuation at 60 Hz. a common noise component. 


The Discriminator 
The first stage of the discriminator is a hard limiter. The hard 
limiter removes from the received signal any amplitude . 
modulation which may bias the demodulator toward a mark 
or a space. It compares the output of the receive filter to the 
voltage on the 0.1 ,..F capacitor on the FTLC pin. 


The hard limiter output connects to two parallel bandpass 
filters in the discriminator. One filter is tuned to the mark 
frequency and the other to the space frequency. The out- 
puts of these filters are rectified, filtered and compared. If 
the output of the mark path exceeds the output of the space 
path the RXD output goes high. The opposite case sends 
RXD low. 
The demodulator is implemented using precision switched 
capacitor techniques. The highly critical comparators in the 
limiter and discriminator are auto-zeroed for low offset. 


Carrier 
Detector 
The output of the discriminator is meaningful only if there is 
sufficient carrier being received. This is established in the 
carrier detection circuit which measures the signal on the 
line. If this exceeds a certain level for a preset period (ad- 
justable by the CDT pin) the CD output goes low indicating 
that carrier is present. Then the carrier detect threshold is 
lowered by 3 dB. This provides hysteresis ensuring the CD 
output remains stable. If carrier is lost CD goes high after 
the preset delay and the threshold is increased by 3 dB. 


MODULATOR 
SECTION 


The modulator consists of a frequency synthesizer and a 
sine wave synthesizer. The frequency produces one of four 
tones depending on the OIA and TXD pil1s.The frequencies 
are synthesized to high precision using a crystal oscillator 
and variable dual modulus counter. The counters used reo 
spond quickly to data changes, introducing negligible bit jit- 
ter while maintaining phase coherence. 
The sine wave synthesizer uses switched capacitors to 
"look up" the voltages of the sine wave. This sampled sig- 
nal is then further processed by switched capacitor and 
continuous filters to ensure the high spectral purity required 
by FCC regUlations. 


Applications 
Information 


TRANSMIT 
LEVEL ADJUSTMENT 
The transmitted power levels of Table II refer to the power 
delivered to a 600n load from the external 600n source 
impedance. The voltage on the load is half the TXA voltage. 
This should be kept in mind when designing interface cir- 
cuits which do not match the load and source impedances. 
The transmit level is programmable by placing a resistor 


from TLA to VCC. With a 5.5k resistor the line driver trans- 
mits a maximum of -9 dBm. Since most lines from a phone 
installation to the exchange provide 3 dB of attenuation the 
maximum level reaching the exchange will be -12 
dBm. 


This is the maximum level permitted by most telephone 
companies. Thus with this programming the MM74HC942 
will interface to most telephones. This arrangement is called 
the "permissive arrangement". The disadvantage with the 
permissive arrangement is that when the loss from a phone 
to the exchange exceeds 3 dB, no compensation is made 
and SNR may be unnecessarily degraded. 


SNR can be maximized by adjusting the transmit level until 
the level at the exchange reaches -12 dBm. This must be 
done with the cooperation of the telephone company. The 
programming resistor used is specific for a given installation 
and is often included in the telephone jack at the installa- 
tion. The modem is thus programmable and can be used 
with any jack correctly wired. This arrangement is called the 
universal registered jack arrangement and is possible with 
the MM74HC942. The values of resistors required to pro- 
gram the MM74HC942 follow the most common code in 
use; the universal service order code. The required resistors 
are given in Table II. 


Line 
Transmit 
Programming 
Loss 
Level 
Resistor 
(RTLA) 
(dB) 
(dBm) 
(Ohms) 


0 
-12 
Open 
1 
-11 
19,800 
2 
-10 
9,200 
3 
-9 
5,490 
4 
-8 
3,610 
5 
-7 
2,520 
6 
-6 
1,780 
7 
-5 
1,240 
8 
-4 
866 
9 
-3 
562 
10 
-2 
336 
11 
-1 
150 
12 
0 
0 


CARRIER 
DETECT 
THRESHOLD 
ADJUSTMENT 
The carrier detect threshold is directly proportional to the 
voltage on CDA. This pin is connected internally to a high 
impedance source. This source has a nominal Thevenin 
equivalent voltage of 1.2V and output impedance of 100 kn. 


By forcing the voltage on CDA the carrier detect threshold 
may be adjusted. To find the voltage required for a given 
threshold the follOWingequation may be used; 


VCDA= 244 X VON 


VCDA= 345 X VOFF 


CARRIER 
DETECT 
TIMING 
ADJUSTMENT 
CDT: A capacitor on pin 4 sets the time interval that the 
carrier must be present before CD goes low. It also 
sets the time interval that carrier must be removed 
before CD returns high. The relevant timing equa- 
tions are: 


TCDL •• 6.4 X CCDT for CD going low 


TCDH •• 0.54XCCDT 
for CD going high 
Where TCDL& TCDHare in seconds, and CCDTis in ,..F. 


Applications 
Information 
(Continued) 


DESIGN 
PRECAUTIONS 


Power 
supplies 
to digital 
systems 
may contain 
high ampli- 
tude spikes 
and other noise. To optimize 
performance 
of the 
MM74HC942 
operating 
in close proximity 
to digital systems, 
supply and ground 
noise should 
be minimized. 
This involves 
attention 
to power 
supply 
design 
and 
circuit 
board 
layout. 


Interface 
Circuits 
for MM74HC942 
300 Baud Modem 


Power supply decoupling 
close to the device 
is recommend- 
ed. Ground 
loops should 
be avoided. 
For further 
discussion 
of these 
subjects 
see the Audio/Radio 
Handbook 
published 
by National 
Semiconductor 
Corporation. 
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CeDT and RTCAshould be chosen to su~ the application. See the Applications 
Information for more details. 
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General 
Description 


The MM74HC943 
is a full duplex 
low speed 
modem. 
It pro- 
vides a 300 baud bidirectional 
serial interface 
for data com- 
munication 
over 
telephone 
lines 
and 
other 
narrow 
band- 
width 
channels. 
It is Bell 103 compatible. 


The MM74HC943 
utilizes 
microCMOSTM 
Technology, 
2 lay- 
ers of polysilicon 
and 1 layer metal 
P-well CMOS. 
Switched 
capacitor 
techniques 
are used to peform 
analog 
signal proc- 
essing. 


MODULATOR 
SECTION 


The modulator 
contains 
a frequency 
synthesizer 
and a sine 
wave 
synthesizer. 
It produces 
a phase 
coherent 
frequency 
shift keyed 
(FSK) output. 


LINE DRIVER 
AND HYBRID 
SECTION 


The line driver and hybrid are designed 
to facilitate 
connec- 
tion to a 6000 
phone 
line. They can perform 
two to four wire 
conversion 
and drive the line at -9 
dBm. 


DEMODULATOR 
SECTION 


The demodulator 
incorporates 
anti-aliasing 
filters, 
a receive 
filter, 
limiter, 
discriminator, 
and 
carrier 
detect 
circuit. 
The 
nine pole 
receive 
filter 
provides 
60 dB of transmitted 
tone 
rejection. 
The 
discriminator 
is 
fully 
balanced 
for 
stable 
operation. 


Features 


• 
5V supply 
• 
Drives 
6000 
at - 9 dBm 


• 
All filters 
on chip 
• 
Transmit 
level adjustment 
compatible 
with universal 
service 
order 
code 


• 
TIL 
and CMOS 
compatible 
logic 


• 
All inputs 
protected 
against 
static 
damage 


• 
Low power 
consumption 


• 
Full duplex 
answer 
or originate 
operation 


• 
Analog 
loopback 
for self test 


• 
Power 
down 
mode 


Applications 


• 
Built-in 
low speed 
modems 


• 
Remote 
data collection 


• 
Radio telemetry 


• 
Credit 
verification 


• 
Stand-alone 
modems 


• 
Point-of-sale 
terminals 


• 
Tone 
signaling 
systems 


• 
Remote 
process 
control 
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lB 
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COT 
17 
TXA 
TLA 
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15 
RXA2 
oS! 
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14 
SOT 


TXA 
'xo 
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OIA 


XTALS 
12 
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11 
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Absolute Maximum Ratings 
(Notes 1 & 2) 
Supply Voltage (Vcc) 
-0.5 to + 7.0V 


DClnputVoltage(VIN) 
. 
-1.5toVcc+1.5V 
DCOutput Voltage (VOUT) 
-0.5 to Vce+0.5V 


Clamp Diode Current (11K, 10K! 
± 20 mA 
DC Output Current, per pin (lOUT) 
± 25 mA 


DCVce or GND Current, per pin (Ice) 
± 50 mA 


Storage Temperature Range (T8TG) 
- 65'C to + 150'C 
Power Dissipation (PD)(Note 3) 
500 mW 


Lead Temperature (TLl (Soldering 10 seconds) 
260'C 


Operating Conditions 


Mln 
4.5 
o 


Max 
Units 


5.5 
V 


vcc 
V 


+85 
'C 


500 
ns 


3.579 
MHz 


Supply Voltage(Vccl 
DC Input or Output Voltage 
(VIN,VOUT) 
Operating Temperature Range(TAl 
MM74HC 
-40 


Input Rise or Fall Times 
(tr,t,) 
Crystal frequency 


DC Electrical Characteristics 
Vce=5V 
±100/0(unless otherwise specified) 


TA=25'C 
74HC 


Symbol 
Parameter 
Conditions 
TA= -40 to 85'C 
Units 


Typ 
Guaranteed Limits 


VIH 
Minimum High Level 
3.15 
3.15 
V 
Input Voltage 


Vil 
Maximum Low Level 
1.1 
1.1 
V 
Input Voltage 


VOH 
Minimum High Level 
VIN=VIH or Vil 


Output Voltage 
IIOUTI= 20 IJ-A 
Vcc 
Vce-0.1 
Vcc-0.1 
V 
IIOUTI=4.0 mA, Vcc=4.5V 
3.84 
3.7 
V 


VOL 
Maximum Low Level 
VIN= VIHor Vil 


Voltage 
IIOUTI= 20 IJ-A 
0.1 
0.1 
V 
IIOUTI=4.0 mA, Vcc=4.5V 
0.33 
0.4 
V 


IIN 
Maximum Input 
VIN=VCC or GND 
±0.1 
±1.0 
IJ-A 
Current 


Ice 
Maximum Quiescent 
VIH=Vce, Vil =GND 
8.0 
mA 
Supply Current 
ALB or SQT= GND 
Transmit Level= - 9 dBm 


Ice 
Power Down Supply Current 
ALB= SQT= Vcc 
250 
,...A 


VIH=VCC, Vil =GND 


Note 
1: Absolute 
Maximum 
Ratings are those values beyond which damage to the device may occur. 


Note 2: Unless otherwise 
specified 
all voltages 
are referenced 
to ground. 


Note 
3: Power Dissipation temperature 
derating - 
plastic "N" 
package: 
-12 
mwrc 
from 65°C to 85°C; ceramic "J" package: 
-12 
mwre 
from 
l00'C to 125'C. 


·The demodulator 
specifications 
apply to the MM74HC943 
operating with a modulator 
having frequency 
accuracy, 
phase jitter and harmonic content equal to or 
better than the MM74HC943 
modulator. 


AC Electrical Characteristics 


Unless 
otherwise 
specified 
all specifications 
apply to the MM74HC943 
over the range 
-40·C 
to 
+ 85·C using a Vee of + 5V 
±10%, 
and a 3.579 
MHz 
±0.1% 
crystal.' 


Symbol 


TRANSMITTER 


FeE 
Carrier Frequency 
Error 
1 
4 
Hz 


Power Output 
Vee=5.0V 
I 


RTLA = 5490 
-9 
dBm 


RL =1.2 
kO 
RTLA = 
00 
-12 
dBm 


2nd Harmonic"Energy 
-56 
dBm 


Hybrid Input Impedance 
50 
. 
kO 


(Pins 15 and 16) 


FTLC Output 
Impedance 
10 
50 
kO 


Adjacent 
Channel 
Rejection 
RXA2=GNDA, 
TXD=GND 
orVee 
60 
dB 


Input to RXAl 


Carrier Amplitude 
-48 
-12 
dBm 


Dynamic 
Range 
36 
dB 


Bit Jitter 
SNR 
= 30 dB 
} 


100 
p.S 


Input = 
-38 
dBm 


Baud Rate 
= 300 Baud 


Bit Bias 
5 
% 


Carrier Detect Trip Points 
CDA=1.2V 
I 


OH to On 
-44 
dBm 


On to OH 
-47 
dBm 


3.5795 MHz ± 0.1 % 
o 


RTLA 
2.2k 


Vcc 
TLA 
GNOA 
+5V 


TXA 


RXA2 
2.2k 


10~F~1~F 
600 
MM74HC943 
- 


TEST 
TXD 
DATA INPUT 
OUTPUT 


10 ~Fr 


+ 
RXAl 
RXO 
DATAOUTPUT 


TEST 
COT 
CDA 
FTLC 
INPUT 
"" 
- 
0.1 ~F ±10% 


LGNDA 
TLIF/5348-3 
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4·336 


••,n 
Name 
Function 
No. 


DSI 
Driver 
Summing 
Input: 
This 
input 
may 
be 
used to transmit 
externally 
generated 
tones 
such as dual tone multifrequency 
(DTMF) di- 
aling signals. 


2 
ALB 
Analog 
Loop 
Back: 
A logic 
high on this pin 
causes 
the modulator 
output 
to be connect- 
ed to the demodulator 
input so that data is 
looped 
back through 
the entire 
chip. This is 
used as a chip self test. If ALB and SaT 
are 
simultaneously 
held 
high 
the 
chip 
powers 
down. 


3 
CD 
Carrier 
Detect: 
This pin goes to a logic low 
when 
carrier 
is sensed 
by the carrier 
detect 
circuit. 


4 
COT 
Carrier 
Detect 
Timing: 
A capacitor 
on this 
pin 
sets 
the 
time 
interval 
that 
the 
carrier 
must be present 
before 
the CD goes low. 


5 
RXD 
Received 
Data: This is the data output 
pin. 


6 
Vcc 
Positive 
Supply 
Pin: A + 5V supply is recom- 
mended. 


7 
CDA 
Carrier 
Detect 
Adjust: 
This 
is used 
for ad- 
justment 
of the carrier detect 
threshold. 
Car- 
rier detect 
hysteresis 
is set at 3 dB. 


8 
XTALD 
Crystal 
Drive: 
XT ALD 
and 
XT ALS 
connect 
to a 3.5795 
MHz crystal 
to generate 
a crys- 
tal locked 
clock 
for the chip. 
If an external 
circuit 
requires 
this clock 
XT ALD should 
be 
sensed. 
If a suitable 
clock 
is already 
avail- 
able in the system. 
XT ALD can be driven. 


9 
XTALS 
Crystal 
Sense: 
Refer to pin 8 for details. 


10 
FTLC 
Filter 
Test/Limiter 
Capacitor: 
This 
is con- 
nected 
to a high 
impedance 
output 
of the 
receiver 
filter. 
It may thus be used to evalu- 


TXD 


GND 
a/A 


ate filter performance. 
This pin may also be 
driven 
to evaluate 
the 
demodulator. 
RXA1 
and 
RXA2 
must 
be 
grounded 
during 
this 
test. 


For 
normal 
modem 
operation 
FTLC 
is AC 
grounded 
via a 0.1 /LF bypass 
capacitor. 


Transmitted 
Data: This is the data input. 


Ground: 
This defines 
the chip OV. 


ariginate/ 
Answer 
mode 
select: 
When 
logic 
high this 
pin selects 
the originate 
mode 
of 
operation. 


Squelch 
Transmitter: 
This disables 
the mod- 
ulator 
when 
held 
high. 
The 
EXI 
input 
re- 
mains 
active. 
If SaT 
and ALB 
are simulta- 
neously 
held high the chip powers 
down. 


Receive 
Analog 
#2: 
RXA2 
and 
RXA1 
are 
analog 
inputs. 
When 
connected 
as recom- 
mended 
they produce 
a 600n 
hybrid. 


Receive 
Analog 
#1: See RXA2 for details. 


Transmit 
Analog: 
This 
is the 
output 
of the 
line driver. 


External 
Input: This is a high impedance 
in- 
put to the line driver. This input may be used 
to 
transmit 
externally 
generated 
tones. 
When 
not used for this purpose 
it should 
be 
grounded. 


Analog 
Ground: 
Analog 
signals 
within 
the 
chip are referred 
to this pin. 


Transmit 
Level 
Adjust: 
A resistor 
from 
this 
pin to VCC sets the transmit 
level. 


RXA1 


TXA 


Functional Description 


INTRODUCTION 


A modem 
is a device 
for transmitting 
and 
receiving 
serial 
data over a narrow 
bandwidth 
communication 
channel. 
The 
MM74HC943 
uses frequency 
shift keying (FSK) of audio fre- 
quency 
tone. 
The 
tone 
may 
be 
transmitted 
over 
the 
switched 
telephone 
network 
and 
other 
voice 
grade 
chan- 
nels. 
The 
MM74HC943 
is also 
capable 
of 
demodulating 
FSK 
signals. 
By suitable 
tone 
allocation 
and considerable 
signal 
processing 
the 
MM74HC943 
is capable 
of transmit- 
ting and receiving 
data simUltaneously. 


The tone allocation 
used by the MM74HC943 
and other Bell 
103 compatible 
modems 
is shown 
in Table 
I. The 
terms 
"originate" 
and 
"answer" 
which 
define 
the frequency 
allo- 
cation 
come 
from 
use with telephones. 
The modem 
on the 
end of the line which 
initiates 
the call is called 
the originate 
modem. 
The other 
modem 
is the answer 
modem. 


Originate 
Modem 
Answer 
Modem 
Data 
Transmit 
Receive 
Transmit 
Receive 


Space 
1070Hz 
2025Hz 
2025Hz 
1070Hz 


Mark 
1270Hz 
2225Hz 
2225Hz 
1270Hz 


THE LINE INTERFACE 


The line interface 
section 
performs 
two to four wire conver- 
sion 
and 
provides 
impedance 
matching 
between 
the 
mo- 


dem and the phone 
line. 


THE LINE DRIVER 


The line driver is a power amplifier 
for driving 
the line. If the 
modem 
is operating 
as an originate 
modem, 
the second 
har- 
monics 
of the transmitted 
tones fall close to the frequencies 
of the 
received 
tones 
and degrade 
the 
received 
signal 
to 
noise 
ratio 
(SNR). 
The 
line driver 
must 
thus 
produce 
low 
second 
harmonic 
distortion. 


THE HYBRID 


The voltage 
on the telephone 
line is the sum of the transmit- 


ted and received 
signals. 
The hybrid subtracts 
the transmit- 
ted voltage 
from 
the voltage 
on the 
telephone 
line. 
If the 
telephone 
line was 
matched 
to the 
hybrid 
impedance, 
the 
output 
of the hybrid would 
be only the received 
signal. This 
rarely 
happens 
because 
telephone 
line 
characteristic 
im- 


pedances 
vary 
considerably. 
The 
hybrid 
output 
is thus 
a 
mixture 
of transmitted 
and received 
signals. 


Functional 
Description 
(Continued) 


THE DEMODULATOR 
SECTION 


The Receive 
Filter 
The demodulator recovers the data from the received sig- 
nals. The signal from the hybrid is a mixture of transmitted 
signal, received signals and noise. The first stage of the 
receive filter is an anti-alias filter which attenuates high fre- 
quency noise before sampling occurs. The signal then goes 
to the second stage of the receive filter where the transmit- 
ted tones and other noise are filtered from the received sig- 
nal. This is a switch capacitor nine pole filter providing at 
least 60 dB of transmitted tone rejection. This also provides 
high attenuation at 60Hz, a common noise component. 


The Discriminator 


The first stage of the discriminator is a hard limiter. The hard 
limiter removes from the received signal any amplitude 
modulation which may bias the demodulator toward a mark 
or a space. It compares the output of the receive filter to the 
voltage on the 0.1 ,...Fcapacitor on the FTLC pin. 


The hard limiter output connects to two parallel bandpass 
filters in the discriminator. One filter is tuned to the mark 
frequency and the other to the space frequency. The out- 
puts of these filters are rectified, filtered and compared. If 
the output of the mark path exceeds the output of the space 
path the RXO output goes high. The opposite case sends 
RXO low. 
The demodulator is implemented using precision switched 
capacitor techniques The highly critical comparators in the 
limiter and discriminator are auto-zeroed for low offset. 


Carrier 
Detector 
The output of the discriminator is meaningful only if there is 
sufficient carrier being received. This is established in the 
carrier detection circuit which measures the signal on the 
line. If this exceeds a certain level for a preset period (ad- 
justable by the COT pin) the CO output goes low indicating 
that carrier is present. Then the carrier detect threshold is 
lowered by 3 dB. This provides hysteresis ensuring the CO 
output remains stable. If carrier is lost CO goes high after 
the preset delay and the threshold is increased by 3 dB. 


MODULATOR 
SECTION 


The modulator consists of a frequency synthesizer and a 
sine wave synthesizer. The frequency synthesizer produces 
one of four tones depending on the a/A and TXO pins. The 
frequencies are synthesized to high precision using a crystal 
oscillator and variable dual modulus counter. 


The counters used respond quickly to data changes, introduc- 
ing negligible bit jitter while maintaining phase coherence. 


The sine wave synthesizer uses switched capacitors to 
"look up" the voltages of the sine wave. This sampled sig- 
nal is then further processed by switched capacitor and 
continuous filters to ensure the high spectral purity required 
by FCC regulations. 


Applications 
Information 


TRANSMIT 
LEVEL ADJUSTMENT 
The transmitted power levels of Table II refer to the power 
delivered to a 600n load from the external 600n source 
impedance. The voltage on the load is half the TXA voltage. 
This should be kept in mind when designing interface cir- 
cuits which do not match the load and source inpedances. 
The transmit level is programmable by placing a resistor 


from TLA to Vee. With a 5.5k resistor the line driver trans- 
mits a maximum of - 9 dBm. Since most lines from a phone 
installation to the exchange provide 3 dB of attenuation the 
maximum level reaching the exchange will be -12 
dBm. 
This is the maximum level permitted by most telephone 
companies. Thus with this programming the MM74HC943 
will interface to most telephones. This arrangement is called 
the "permissive arrangement". The disadvantage with the 
permissive arrangement is that when the loss from a phone 
to the exchange exceeds 3 dB, no compensation is made 
and SNR may be unnecessarily degraded. 


Line 
Transmit 
Programming 
Loss 
Level 
Resistor 
(RTLA) 
(dB) 
(dBm) 
(n) 


0 
-12 
Open 
1 
-11 
19,800 
2 
-10 
9,200 
3 
-9 
5,490 


CARRIER 
DETECT 
THRESHOLD 
ADJUSTMENT 
The carrier detect threshold is directly proportional to the 
voltage on COA. This pin is connected internally to a high 
impedance source. This source has a nominal Thevenin 
equivalent voltage of 1.2V and output impedance of 100 kn. 


By forcing the voltage on COA the carrier detect threshold 
may be adjusted. To find the voltage required for a given 
threshold the following equation may be used; 


VeDA= 244 X VaN 


VeDA=345 X VOFF 


CARRIER 
DETECT 
TIMING 
ADJUSTMENT 
COT: A capacitor on pin 4 sets the time interval that the 
carrier must be present before CO goes low. It also 
sets the time interval that carrier must be removed 
before CO returns high. The relevant timing equa- 
tions are: 


TeDL '" 6.4x CeDT for CO going low 


TeDH '" 0.54XCeDT 
for CO going high 
Where TeDL & TeDH are in seconds, and CeDT is in ,...F. 


DESIGN 
PRECAUTIONS 
Power supplies to digital systems may contain high ampli- 
tude spikes and other noise. To optimize performance of the 
MM74HC943 operating in close proximity to digital systems, 
supply and ground noise should be minimized. This involves 
attention to power supply design and circuit board layout. 
Power supply decoupling close to the device is recommend- 
ed. Ground loops should be avoided. For further discussion 
of these subjects see the Audio/Radio Handbook published 
by National Semiconductor Corporation. 
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CCOT and RTLA should 
be chosen 
to suit the application. 
See the Applications 
Information 
for more 
details. 
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MM54HC4002/MM74HC4002 
Dual4-lnput 
NOR Gate 


General Description 


These 
NOR gates utilize microCMOSTM 
Technology, 
3.5 mi- 
cron silicon 
gate P-well CMOS, to achieve 
operating 
speeds 
similar 
to LS- TTL gates with the low power 
consumption 
of 
standard 
CMOS 
integrated 
circuits. 
All gates 
have buffered 
outputs, 
providing 
high 
noise 
immunity 
and 
the 
ability 
to 
drive 10 LS-TTL 
loads. The 54HC174HC 
logic family is func- 
tionally 
as 
well 
as 
pin-out 
compatible 
with 
the 
standard 
54LS174LS 
logic family. The 54HC4002174HC4002 
is func- 
tionally 
equivalent 
and 
pin-out 
compatible 
with 
the 
CD4002B. 
All inputs are protected 
from damage 
due to stat- 
ic discharge 
by internal 
diode clamps 
to Vcc 
and ground. 


Features 


• 
Typical 
propagation 
delay: 
8 ns 


• 
Wide 
power 
supply 
range: 
2V -6V 


• 
Low quiescent 
current: 
20 IJoAmaximum 
(74HC 
series) 


• 
Low input current: 
1 IJoAmaximum 


• 
Fanout 
of 10 LS-TTL 
loads 


Absolute 
Maximum Ratings 
(Notes 
1 & 2) 
Operating 
Conditions 


Supply Voltage 
(Veel 
-0.5 
to + 7.0V 
Mln 
Max 
Units 


DC Input Voltage 
(VIN) 
-1.5 
to Vee+1.5V 
Supply Voltage(Veel 
2 
6 
V 


DC Output Voltage 
(VOUT) 
-0.5 
to Vee+0.5V 
DC Input or Output Voltage 
0 
Vee 
V 


Clamp Diode Current 
(11K, 10K) 
±20 
mA 
(VIN,VOUT) 


DC Output Current, 
per pin (lOUT) 
±25 
mA 
Operating 
Temperature 
Range(T A) 
MM74HC 
-40 
+85 
·C 
DC Vee or GND Current, 
per pin (Ieel 
±50 
mA 
MM54HC 
-55 
+125 
·C 
Storage 
Temperature 
Range (TSTG) 
-65·Cto 
+150·C 
Input Rise or Fall Times 
Power Dissipation 
(PD) (Note 3) 
500mW 
(tr,tf) 
Vee=2.0V 
1000 
ns 


Lead Temperature 
(TLl (Soldering 
10 seconds) 
260·C 
Vee=4.5V 
500 
ns 
Vee=6.0V 
400 
ns 


DC Electrical 
Characteristics 
(Note 
4) 


TA=25·C 
74HC 
54HC 


Symbol 
Parameter 
Conditions 
Vcc 
TA= -40 to 85·C 
TA = -55 
to 125·C 
Units 
Typ 
Guaranteed 
Limits 


VIH 
Minimum 
High Level 
2.0V 
1.5 
1.5 
1.5 
V 


Input Voltage 
4.5V 
3.15 
3.15 
3.15 
V 


6.0V 
4.2 
4.2 
4.2 
V 


VIL 
Maximum 
Low Level 
2.0V 
0.3 
0.3 
0.3 
V 


Input Voltage 
4.5V 
0.9 
0.9 
0.9 
V 


6.0V 
1.2 
1.2 
1.2 
V 


VOH 
Minimum 
High Level 
VIN = VIH or VIL 
Output 
Voltage 
IIOUTI:S:20 /-LA 
2.0V 
2.0 
1.9 
1.9 
1.9 
V 


4.5V 
4.5 
4.4 
4.4 
4.4 
V 


6.0V 
6.0 
5.9 
5.9 
5.9 
V 


VIN = VIH or VIL 
IIOUTI :S:4.0 mA 
4.5V 
4.2 
3.98 
3.84 
3.7 
V 


IIOUTI :S:5.2 mA 
6.0V 
5.7 
5.48 
5.34 
5.2 
V 


VOL 
Maximum 
Low Level 
VIN = VIH or VIL 


Output Voltage 
IIOUTI:S:20 /-LA 
2.0V 
0 
0.1 
0.1 
0.1 
V 


4.5V 
0 
0.1 
0.1 
0.1 
V 


6.0V 
0 
0.1 
0.1 
0.1 
V 


VIN = VIH or VIL 
V 


IIOUTI:S:4 mA 
4.5V 
0.2 
0.26 
0.33 
0.4 
V 


liouTI:S:5.2 
mA 
6.0V 
0.2 
0.26 
0.33 
0.4 
V 


IIN 
Maximum 
Input 
VIN=VeeorGND 
6.0V 
±0.1 
±1.0 
±1.0 
/-LA 


Current 


Ice 
Maximum 
Quiescent 
VIN=Vee 
or GND 
6.0 
2.0 
20 
40 
/-LA 


Supply Current 
IOUT=O 
/-LA 


Note 
1: Absolute 
Maximum 
Ratings are those values beyond which damage 
to the device 
may occur. 


Note 
2: Unless otherwise 
specified 
all voltages 
are referenced 
to ground. 


Note 
3: Power Dissipation temperature 
derating - 
plastic UN" 
package: 
-12 
mwrc 
from 65°C 
to 85°C; ceramic 
"J" 
package: 
-12 
mWrC 
from 


100·C to 12S·C. 


Note 4: For a power supply of 5V ± 10% the worst case output voltages (VOH, and Vou occur Jor He at 4.5V. Thus the 4.5V values should be used when 
designing with this supply. Worst case VIH and VIL occur at Vee= 
5.5V and 4.5V respectively. 
(The VIH value at 5.5V is 3.85V.) 
The worst case leakage 
current (lIN. 
lee. 
and loz) 
occur for CMOS 
at the higher voltage 
and so the 6.QV values should be used. 


AC Electrical Characteristics 


Vcc=5V. 
TA=25°C. 
CL =15 
pF, t,=tf=6 
ns 


Symbol 
Parameter 
Conditions 
Typ 
Guaranteed 
Units 
Limit 


tpHL, tpLH 
Maximum 
Propagation 
11 
20 
ns 


Delay 


AC Electrical Characteristics 


Vcc=2.0V 
to 6.0V, CL =50 
pF, t,=tf=6 
ns 


TA=25"C 
74HC 
54HC 


Symbol 
Parameter 
Conditions 
Vcc 
TA= 
-40 
to 85°C 
TA=-55t0125°C 
Units 
Typ 
Guaranteed 
Limits 


tpHL, tpLH 
Maximum 
Propagation 
2.0V 
40 
120 
151 
179 
ns 


Delay 
4.5V 
12 
24 
30 
36 
ns 


6.0V 
10 
20 
26 
30 
ns 


tTLH. tTHL 
Maximum 
Output 
2.0V 
30 
75 
95 
110 
ns 


Rise and Fall 
4.5V 
10 
15 
19 
22 
ns 
Time 
6.0V 
9 
13 
16 
19 
ns 


CPO 
Power Dissipation 
(per gate) 
25 
pF 


Capacitance 
(Note 5) 


CIN 
Maximum 
Input 
5 
10 
10 
10 
pF 
Capacitance 


Note 
5: Cpo 
determines 
the 
no load dynamic 
power 
consumption. 
PO=CPD 
Vcc2 
f+lcc 
Vcc. 
and the 
no load 
dynamic 
current 
consumption, 
IS ~ CPOVcc 1+ Ice· 


Nole 
6: Refe' to Section1 fo, TypicalMM54174 HC AC SwitchingWaveformsand Test Ci,cui1s. 
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- 


~National 
~ 
semiconductor 


MM54HC4016/MM74HC4016 
Quad Analog Switch 


f 


General 
Description 


These 
devices 
are digitally 
controlled 
analog 
switches 
im- 
plemented 
in microCMOSTM 
Technology, 
3.5 micron 
silicon 
gate P-well CMOS. These 
switches 
have low 'on' resistance 
and low 'off' 
leakages. 
They are bidirectional 
switches, 
thus 


any analog 
input may be used as an output 
and vice-versa. 


The '4016 devices 
allow 
control 
of up to 12V (peak) 
analog 
signals 
with digital 
control 
signals 
of the same 
range. 
Each 


switch 
has its own control 
input which 
disables 
each switch 
when 
low. All analog 
inputs 
and outputs 
and digital 
inputs 
are protected 
from 
electrostatic 
damage 
by diodes 
to Vcc 
and ground. 


MM54HC4016/MM74HC4016 


54HC4016 
(J) 
74HC4016 
(J,N) 


Features 


• 
Typical 
switch 
enable 
time: 15 ns 


• 
Wide 
analog 
input voltage 
range: 
0-12V 


• 
Low 'on' 
resistance: 
50n typ 


• 
Low quiescent 
current: 
80 ,..A maximum 
(74HC) 


• 
Matched 
switch 
characteristics 


• 
Individual 
switch 
controls 


Input 
Switch 


CTL 
1/0-011 


L 
"OFF" 


H 
"ON" 


Absolute Ma,ximum Ratings 
(Notes 
1 & 2) 
Operating Conditions 


Supply Voltage 
(Vce) 
-0.5 
to +15V 
Mln 
Max 
Units 


DC Control 
Input Voltage 
(VIN) 
-1.5 
to Vce+1.5V 
Supply Voltage(Vce) 
2 
12 
V 


DC Switch 
I/O Voltage 
(VIa) 
-0.5 
to Vee+0.5V 
DC Input or Output Voltage 
0 
Vee 
V 


Clamp Diode Current 
(11K,10Kl 
±20mA 
(VIN,VOUT) 


DC Output 
Current, 
per pin (lOUT) 
±25mA 
Operating 
Temperature 
Range(T Al 
MM74HC 
-40 
+85 
'c 
DC Vce or GND Current, 
per pin (Ice) 
±50mA 
MM54HC 
-55 
+125 
'C 
Storage 
Temperature 
Range (TSTG) 
-65'Cto 
+ 150'C 
Input Rise or Fall Times 
Power Dissipation 
(Po) (Note 3) 
500mW 
(tr,tf) 
Vee=2.0V 
1000 
ns 


Lead Temperature 
(T L.l(Soldering 
10 seconds) 
260'C 
Vce=4.5V 
500 
ns 
Vce=6.0V 
400 
ns 


DC Electrical Characteristics 
(Note 
4) 


TA=25'C 
74HC 
54HC 


Symbol 
Parameter 
Conditions 
Vcc 
TA= 
-40 
to 85'C 
TA = -55 
to 125'C 
Units 
Typ 
Guaranteed 
Limits 


VIH 
Minimum 
High Level 
2.0V 
1.5 
1.5 
1.5 
V 


Input Voltage 
4.5V 
3.15 
3.15 
3.15 
V 


9.0V 
6.3 
6.3 
6.3 
V 


12.0V 
8.4 
8.4 
8.4 
V 


VIL 
Maximum 
Low Level 
2.0V 
0.3 
0.3 
0.3 
V 


Input Voltage 
4.5V 
0.9 
0.9 
0.9 
V 


9.0V 
1.8 
1.8 
1.8 
V 


12.0V 
2.4 
2.4 
2.4 
V 


RON 
Maximum 
'ON' Resistance 
VCTL =VIH,ls=.1 
mA 
4.5V 
100 
n 


(See Note 5) 
VIS = Vce to GND 
9.0V 
50 
n 


(Figure 1) 
12.0V 
30 
n 


2.0V 
120 
n 


VCTL =VIH, 
Is=.1 
mA 
4.5V 
50 
n 


VIS = Vce or GND 
9.0V 
35 
n 


(Figure 1) 
12.0V 
20 
n 


RON 
Maximum 
'ON' Resistance 
VeTL =VIH 
4.5V 
10 
n 


Matching 
VIS = Vee to GND 
9.0V 
5 
n 


12.V 
5 
n 


IIN 
Maximum 
Control 
VIN = Vce or GND 
±0.1 
±1.0 
±1.0 
p.A 


Input Current 
Vee=2-6V 


IIZ 
Maxim.um Switch 
'OFF' 
Vos=VceorGND 
5.5V 
10 
nA 


Leakage 
Current 
Vls=GNDorVce 
9.0V 
15 
nA 


VeTL =VIL 
(Figure 2) 
12.0V 
20 
_. 
nA 


IIZ 
Maximum 
Switch 
'ON' 
Vos=VceorGND 
5.5V 
10 
nA 


Leakage 
Current 
VeTL =VIH 
9.0V 
15 
nA 


(Figure 3) 
12.0V 
20 
nA 


Ice 
Maximum 
Quiescent 
VIN = Vce or GND 
5.5V 
2.0 
20 
40 
p.A 


Supply Current 
10UT=0p.A 
9.0V 
8.0 
80 
160 
p.A 


12.0V 
16.0 
160 
320 
p.A 


Note 1: Absolute 
Maximum 
Ratings are those values beyond which damage to the device may occur. 
Note 2: Unlessotherwisespecifiedall voltagesare referencedto ground. 


Note 3: Power Dissipationtemperature derating - 
plastic "N" package: -12 
mWrC from 65'C to 65'C; ceramic "J" package: -12 
mWrC 
from 
100'C to 12S·C. 
Note 4: Fora powersupplyof SV ± 10"" the worstcaseon resistances(ROW occursfor HC at 4.SV.Thusthe 4.5Vveluesshouldbe usedwhendesigningwith 
thissupply.WorstcaseV,HandVil occuret VCC-S.5V and4.SVrespectively.(TheV,HvelueetS.SVis 3.6SV.)Theworstcase leakagecurrentoccurfor CMOS 
at the higher voltage and so these values should be used. 


Note 5: At supplyvoitages(VCC-VEeJapproaching'2Vthe analogswitchon resistancebecomesextremelynon·llnear.Therefore~ is recommendedthet these 
devicesbe usedto transm~digMI only whenusingthese supplyvoltages. 


AC Electrical 
Characteristics 


Vcc=2.0V-6.0V 
VEE=OV 
to 6V. CL =15 
pF (unless 
otherwise 
specified) 


TA=25°C 
74HC 
54HC 


Symbol 
Parameter 
CondItions 
Vcc 
TA= 
-40 
to 85°C 
TA= 
-55 
to 125°C 
Units 
Typ 
Guaranteed 
Limits 


tpHL. tpLH 
Maximum 
Propagation 
2.0V 
25 
ns 


Delay Switch 
In to 
4.5V 
5 
ns 


Out 
9.0V 
4 
ns 


12.0V 
3 
ns 


tpZL. tPZH 
Maximum 
Switch Turn 
RL =1 kO 
2.0V 
32 
ns 


"ON" 
Delay 
4.5V 
8 
ns 


9.0V 
6 
ns 


12.0V 
5 
ns 


tpHZ. tpLZ 
Maximum 
Switch 
Turn 
2.0V 
45 
ns 


"OFF" 
Delay 
4.5V 
15 
ns 


9.0V 
10 
ns 


12.0V 
8 
ns 


fMAX 
Maximum 
Switch 
4.5V 
100 
MHz 


Frequency 
Response 
9.0V 
120 
MHz 


20Iog(VIIVO)= 
-3 
Db 


Cross Talk Control 
(Figure 7) 
4.5V 
180 
mVp_p 


to Switch 


Cross Talk Between 
(Figure 8) 
4.5V 
MHz 
Any Two Switches 


(Frequency 
at -50 
dB) 


CIN 
Maximum 
Control 
5 
10 
10 
10 
pF 


Input Capacitance 


CIN 
Maximum 
Switch 
15 
pF 


Input Capacitance 


CIN 
Maximum 
Feedthrough 
VCLT=GND 
5 
pF 
Capacitance 


Typical 
Performance 
Characteristics 


Typical 
"On'~ Resistance 
Versus 
Input 
Voltages 
('4016) 
180 


_150 
~ 
g 


~120 
~ 
I 
1\Vcc=4.5V 
.. 90 
~ 
\ 
I 
1E 
60 
~ti 


f- 


f' 
•.•."" 
30 
Vcc=12.OV r r-- 
0 
0 
2 
4 
6 
8 
10 
12 
INPUTWLTAGE 
(WLTS) 


TL/F/5350-17 


1 OF. 
SWITCHES 


UNO 
1 OF. 
SWITCHES 


GND 


1 OF. 
SWITCHES 


UNO 


TUF/5350-5 
FIGURE 
3. "ON" 
Channel 
Leakage 
Current 


CONTROL 
Yee 


110 S~I~~H~S 011 


YEf 
CL1 
50 
PF 


TLIF/5350-6 
TL/F/5350-7 
FIGURE 
4. tpHLo tpLH Propagation 
Delay 
Time 
Signal 
Input 
to Signal 
Output 


tPZL 


Yec~tPZL 


50% 


OV~PZL 


VDD 
90% 


VOL 


tPLZ 


IPLZ 


~O% 


OV 
-.J~ 


VOO~ 
10% 
VOL 


TUF/5350-8 
FIGURE 
5. tpZL, tpLZ Propagation 
Delay 
Time 
Control 
to Signal 
Output 


Vell 
Vee 
tPZH 
tPHZ 


CONTROL Vee 
vee~ 
vee~ 
Voo 


VII-Vee 
I/O 
S~~~H~S 
a/I 
50% 
50% 
VOl 
"~ 
..~ 
Vu 
Cl 
Rl 
1 
50 
PF 
lk 
VOH 
- 


VOH 
90% 


Vu 
'=' 
OV 
10% 
OV 


TUF/5350-10 
FIGURE 6. tpZH.tpHZ Propagation Delay Time Control to SIgnal Output 


CONTROL 
Vee 


IN/OUTS~I~~:ES 
OUTIIN 


SNO 


VOl 


Rl 
Cl 
10k 1 
50 
PF 
.VOI 
'=' 
• 
CROSSTALK 
t 
-\r-F 


TUF/6350-12 
FIGURE 7. Crosstalk: Control Input to Signal Output 


CONTROL 
Vee 


IN/OUTS~I~~:ESOUTIIN 
VOlll) 


SNO 
Rl 
lk 


"~ 
III 


CONTROL 
Vce 


IN/OUTS~I~~:ES 
OUT/IN 


SNO 


TLIF/6350-1e 
FIGURE 8: Crosstalk Between Any Two Switches 


MM54HC4017/MM74HC4017 
Decade Counter IDivider with 10 Decoded Outputs 


General 
Description 


The MM54HC4017/MM74HC4017 
is a 5-stage Johnson 


counter 
with 
10 decoded 
outputs 
that 
utilizes 
micro- 


CMOSTMTechnology, 3.5 micron silicon gate P·well CMOS. 
Each of the decoded outputs is normally low and sequen- 
tially goes high on the low to high transition of the clock 
input. Each output stays high for one clock period of the 10 
clock period cycle. The CARRY output transitions low to 
high after OUTPUT 10 goes low, and can be used in con- 
juncton with the CLOCK ENABLE to cascade several 
stages. The CLOCK ENABLE input disables counting when 
in the high state. A RESET input is also provided which 
when taken high sets all the decoded outputs low. 
The MM54HC4017/MM74HC4017 is functionally and pinout 
equivalent to 
the 
CD4017BM/CD4017BC. It can drive 


~Nattonal 
~ 
semiconductor 


up to 10 low power Schottky equivalent loads: All inputs are 
protected from damage due to static discharge by diodes 
from Vcc and ground. 


Features 
• 
Wide power supply range: 2-6V 
• 
Typical operating frequency: 30 MHz 
• 
Fanout of 10 LS·TTL loads. 
• 
Low quiescent current: 80 /LA (74HC series) 
• 
Low input current: 1.0 /LA 


DECODED 
DUTI'UT 
"5" 
16 
v•• 


DECODED 
OUTPUT "1" 
15 
RESET 


DECODED 
OUTPUT ••••• 
I. 
CLOCK 


DECODED 
OUTPUT 
"2- 
13 
CLOCK ENABLE 


DECODED 
OUTPUT •.,- 
CARRY·DUT 


DECODED 
DUTI'UT 
-7" 
DECODED 
OUTPUT 
••, •• 


DECODED 
DUTI'UT 1- 
DECODED 
DUTI'UT 
••••• 


GND 
DECODED DUTI'UT 
••••• 


MM54HC4017/MM74HC4017 


54HC4017 
(J) 
74HC4017 
(J,N) 


Absolute Maximum Ratings (Notes 
1 & 2) 
Operating Conditions 


Supply Voltage 
(Vce) 
-0.5 
to +7.0V 
Mln 
Max 
Units 


DC Input Voltage 
(VIN) 
-1.5 
to Vcc+1.5V 
Supply Voltage(Vce) 
2 
6 
V 


DC Output Voltage 
(VOUT) 
-0.5 
to Vcc+0.5V 
DC Input or Output Voltage 
0 
Vcc 
V 


Clamp Diode Current 
(11K, 10K) 
±20mA 
(VIN,VOUT) 


DC Output Current, 
per pin (lOUT) 
±25mA 
Operating 
Temperature 
Range(T A) 
MM74HC 
-40 
+85 
·C 
DC VCC or GND Current, 
per pin (Icel 
±50mA 
MM54HC 
-55 
+125 
·C 
Storage 
Temperature 
Range (TSTG) 
-65·Cto 
+150·C 
Input Rise or Fall Times 
Power Dissipation 
(Po) (Note 3) 
500mW 
(tr,tf) 
Vce=2.0V 
1000 
ns 


Lead Temperature 
(Tu 
(Soldering 
10 seconds) 
260·C 
Vce=4.5V 
500 
ns 
Vce=6.0V 
400 
ns 


DC Electrical Characteristics 
(Note 
4) 


TA=25·C 
74HC 
54HC 


Symbol 
Parameter 
Conditions 
Vcc 
TA = -40 
to 85·C 
TA = -55 
to 125·C 
Units 
Typ 
Guaranteed 
Limits 


VIH 
Minimum 
High Lavel 
2.0V 
1.5 
1.5 
1.5 
V 


Input Voltage 
4.5V 
3.15 
3.15 
3.15 
V 


6.0V 
4.2 
4.2 
4.2 
V 


VIL 
Maximum 
Low Level 
2.0V 
0.3 
0.3 
0.3 
V 


Input Voltage' 
4.5V 
0.9 
0.9 
0.9 
V 


6.0V 
1.2 
1.2 
1.2 
V 


VOH 
Minimum 
High Level 
VIN=VIHorVIL 
Output Voltage 
IIOUTI:5:20 /LA 
2.0V 
2.0 
1.9 
1.9 
1.9 
V 


4.5V 
4.5 
4.4 
4.4 
4.4 
V 


6.0V 
6.0 
5.9 
5.9 
5.9 
V 


VIN = VIH or VIL 
IIOUTI:5:4.0 mA 
4.5V 
4.2 
3.98 
3.84 
3.7 
V 


IIOUTI:5:5.2 mA 
6.0V 
5.7 
5.48 
5.34 
5.2 
V 


VOL 
Maximum 
Low Level 
VIN = VIH or \ilL 
Output Voltage 
IIOUTI:5:20 /LA 
2.0V 
0 
0.1 
0.1 
0'.1 
V 


4.5V 
0 
0.1 
0.1 
0.1 
V 


6.0V 
0 
0.1 
0.1 
0.1 
V 


VIN=VIHorVIL 
liouTI:5:4.0 
mA 
4.5V 
0.2 
0.26 
0.33 
'0.4 
V 


IIOUTI:5:5.2 mA 
6.0V 
0.2 
0.26 
0.33 
0.4 
V 


IIN 
Maximum 
Input 
VIN = Vcc or GND 
6.0V 
±0.1 
±1.0 
±1.0 
/LA 
Current 
- 


Ice 
Maximum 
Quiescent 
VIN""VCC 
or GND 
6.0V 
8.0 
80 
160 
/LA 
Supply Current 
IOUT=O /LA 


Note 1: Absolute 
Maximum 
Ratings are those values beyond which damage to the device may occur. 


Note 2: Unless otherwise 
specified all voltages 
are referenced 
to ground. 


Note 
3: Power Dissipation temperature 
derating - 
plastic "N" 
package: 
-12 
mWrc from 
65°C to 85°C; ceramic 
••J" package: 
-12 
mWrC from 
100·Cto 125·C. 


Note 4: For a power supply of 5V ±10% the worst case outputvoltages (VOH.and Vou occur for HC at 4.5V.Thus the 4.5V valuesshouldbe used when 
designingwiththissupply.WorstcaseV,HandV,Loccurat Vee~ 5.5Vand4.5Vrespectively.(TheV,Hvalueat5.5V is3.85V.lTheworstcaseleakagecurrent(I,N. 
Ice. and loZ>occur for CMOSat the highervoltageand so the 6.0Vvaluesshouldbe used. 


AC Electrical Characteristics 
Vcc=5V. 
TA=25"C. 
CL =15 
pF tr=tf=6 
ns 


Symbol 
Parameter 
Conditions 
Typ 
Guaranteed 
Units 
Limit 


fMAX 
Maximum 
Clock Frequency 
Measured 
with 
50 
30 
MHz 
respect 
to carry line 


tpHL. tpLH 
Maximum 
Propagation 
26 
44 
ns 
Delay. Enable to Carry-Out 
Line 


tpHL. tpLH 
Maximum 
Propagation 
27 
44 
ns 
Delay Enable 
Decode-Out 
Lines 


tpHL. tPLH 
Maximum 
Propagation 
23 
40 
ns 
Delay. Reset or Clock to Decode 
Out 


tpHL. tpLH 
Maximum 
Propagation 
23 
40 
ns 
Delay. Reset or Clock to Carry Out 


ts 
Minimum 
Clock Inhibit 
12 
20 
ns 
Data Set-Up 
Time 


tw 
Minimum 
Clock or Reset Pulse Width 
8 
16 
ns 


tREM 
Minimum 
Reset Removal 
Time 
10 
20 
ns 


AC Electrical Characteristics 
Vcc=2.0-6.0V. 
CL50 pF tr=tf=6 
ns (unless 
otherwise 
specified) 


_" 
74HC 
54HC 


Symbol 
Parameter 
Conditions 
Vcc 
TA -25 
C TA = -40 
to 85"C 
TA = -55 
to 125"C 
Units 
Typ 
Guaranteed 
Limits 


fMAX 
Maximum 
Clock Frequency 
Measured 
with 
2.0V 
4 
3 
3 
MHz 
respect 
to carry line 
4.5V 
20 
16 
13 
MHz 
6.0V 
23 
18 
15 
MHz 


tpHL. tpLH 
Maximum 
Propagation 
2.0V 
89 
250 
312 
375 
ns 
Delay, Enable to Carry-Out 
Line 
4.5V 
25 
50 
63 
75 
ns 
6.0V 
20 
43 
54 
65 
ns 


tpHL. tpLH 
Maximum 
Propagation 
2.0V 
90 
250 
312 
375 
ns 
Delay, Enable to Decode 
Out Line 
4.5V 
25 
50 
63 
75 
ns 
6.0V 
20 
43 
54 
65 
ns 


tpHL. tPLH Maximum 
Propagation 
2.0V 
82 
230 
288 
345 
ns 
Delay. Reset or Clock to Decode 
Out 
4.5V 
22 
46 
58 
69 
ns 
6.0V 
18 
39 
49 
59 
ns 


tPHL. tpLH 
Maximum 
Propagation 
2.0V 
82 
230 
288 
345 
ns 
Delay. Reset or Clock to Carry Out 
4.5V 
22 
46 
58 
69 
ns 
6.0V 
18 
39 
49 
59 
ns 


tw 
Minimum 
Reset or Clock Pulse 
2.0V 
30 
80 
100 
120 
ns 
Width 
4.5V 
9 
16 
20 
24 
ns 
6.0V 
8 
14 
18 
21 
ns 


tREM 
Minimum 
Reset Removal 
2.0V 
100 
125 
150 
ns 
Time 
4.5V 
20 
25 
30 
ns 
6.0V 
17 
21 
25 
ns 


tTHL. tTLH 
Maximum 
Output 
Rise 
2.0V 
30 
75 
95 
110 
ns 
and Fall Time 
4.5V 
8 
15 
19 
22 
ns 
6.0V 
7 
13 
16 
19 
ns 


tr.tf 
Minimum 
Input Rise and Fall Time 
2.0V 
1000 
1000 
1000 
ns 
4.5V 
500 
500 
500 
ns 
6.0V 
400 
400 
400 
ns 


CPD 
Power Dissipation 
(per package) 
pF 
Capacitance 
(Note 5) 


CIN 
Maximum 
Input Capacitance 
5 
10 
10 
10 
pF 


Note 
5: CPO determines 
the 
no load 
dynamk: 
power 
consumption. 
PO=CPD 
Vcc2 
f+lcc 
Vcc. 
and the 
no load 
dynamk: 
current 
consumption. 
Is~CPD Vcc f+ICC. 


Note 
6: Refer to Section 1 for Typical MM54/74 
He AC Switching Waveforms 
and Test Circuits. 
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MM54HC4020/MM74HC4020 
14 Stage Binary Counter 
MM54HC4024/MM74HC4024 
7 Stage Binary Counter 
MM54HC4040/MM74HC4040 
12 Stage Binary Counter 


General Description 


The 
MM54HC4020/MM74HC4020, 
MM54HC40241 


MM74HC4024, 
MM54HC4040/MM74HC4040, 
are 
high 


speed 
binary 
ripple 
carry counters. 
These 
counters 
are im- 


plemented 
utilizing 
microCMOSTM 
Technology, 
3.5 micron 


silicon 
gate 
P-well 
CMOS, 
to achieve 
speed 
performance 


similar 
to LS-TIL 
logic 
while 
retaining 
the 
low power 
and 


high noise immunity 
of CMOS. 


The 
'HC4020 
is a 14 stage 
counter, 
the 
'HC4040 
is a 12 


stage 
counter, 
and 
the 
'HC4024 
is a 7 stage 
counter. 
All 


these devices 
are incremented 
on the falling edge (negative 


transition) 
of the input clock, 
and all their outputs 
are reset 


to a low level by applying 
a logical 
high on their reset input. 


These 
devices 
are pin equivalent 
to the CD4020, 
CD4024 


and 
CD4040 
respectively. 
All 
inputs 
are 
protected 
from 


damage 
due to static discharge 
by protection 
diodes 
to Vcc 


and ground. 


• 
Typical 
propagation 
delay: 
16 ns 


• 
Wide 
operating 
voltage 
range: 
2-6V 


• 
Low input current: 
1 /LA maximum 


• 
Low quiescent 
current: 
80 /LA maximum 
(74HC 
series) 


• 
Output 
drive capability: 
10 LS-TIL 
loads 


Connection 
Diagrams 
Dual-In-Llne Packages 


MM54HC4020/MM74HC4020 


54HC4020 
(J) 74HC4020 
(J, N) 


I" 
13 
12 
11 
,. 
• 
• 


- 
- 


1 
2 
3 
• 
5 
6 
I' 


MM54HC4040/MM74HC4040 


54HC4040 
(j) 74HC4040 
(J, N) 


MM54HC4024/MM74HC4024 


54HC4024 
(J) 74HC4024 
(J, N) 


Absolute Maximum Ratings (Notes 
1 & 2) 
Operating Conditions 


Supply Voltage 
(Vcel 
-0.5 
to + 7.0V 
Mln 
Max 
Units 


DC Input Voltage 
(VIN) 
-1.5 
to Vcc+1.5V 
Supply Voltage(Vcel 
2 
6 
V 


DC Output Voltage 
(VOUT) 
-0.5 
to Vcc+0.5V 
DC Input or Output Voltage 
0 
Vcc 
V 


Clamp Diode Current 
(Ico) 
±20mA 
(VIN,VOUT) 


DC Output 
Current, 
per pin (lOUT) 
±25mA 
Operating 
Temperature 
Range(T Al 
MM74HC 
-40 
+85 
'C 
DC Vcc or GND Current, 
per pin (Icel 
±50mA 
MM54HC 
-55 
+125 
'C 
Storage 
Temperature 
Range (TSTG) 
-65'Cto 
+ 150'C 
Input Rise or Fall Times 


Power Dissipation 
(Po) (Note 3) 
500mW 
(tr,ttl 
VCc=2.0V 
1000 
ns 


Lead Temperature 
(Tu (Soldering 
10 seconds) 
260'C 
VcC=4.5V 
500 
ns 


Vcc=6.0V 
400 
ns 


DC Electrical Characteristics 
(Note 
4) 


TA=25'C 
74HC 
54HC 


Symbol 
Parameter 
Conditions 
Vcc 
TA= 
-40 
to 85'C 
TA = -55 
to 125'C 
Units 


Typ 
Guaranteed 
Limits 


VIH 
Minimum 
High Level Input 
2.0V 
1.5 
1.5 
1.5 
V 


Voltage 
4.5V 
3.15 
3.15 
3.15 
V 


6.0V 
4.2 
4.2 
4.2 
V 


VIL 
Maximum 
Low Level Input 
2.0V 
0.3 
0.3 
0.3 
V 


Voltage 
4.5V 
0.9 
0.9 
0.9 
V 


6.0V 
1.2 
1.2 
1.2 
V 


VOH 
Minimum 
High Level Output 
VIN = VIH or VIL 


Voltage 
IiOUTI';;20 
/LA 
2.0V 
2.0 
1.9 
1.9 
1.9 
V 


4.5V 
4.5 
4.4 
4.4 
4.4 
V 


6.0V 
6.0 
5.9 
5.9 
5.9 
V 


VIN = VIH or VIL 
lioUTI ';;4.0 mA 
4.5V 
4.2 
3.98 
3.84 
3.7 
V 


IIOUTI,;; 5.2 mA 
6.0V 
5.7 
5.48 
5.34 
5.2 
V 


VOL 
Maximum 
Low Level Output 
VIN = VIH or VIL 


Voltage 
IIOUTI,;;20 /LA 
2.0V 
0 
0.1 
0.1 
0.1 
V 


4.5V 
0 
0.1 
0.1 
0.1 
V 


6.0V 
0 
0.1 
0.1 
0.1 
V 


VIN=VIH 
orVIL 
lioUTI ';;4.0 mA 
4.5V 
0.2 
.26 
0.33 
0.4 
V 


IIOUTI';;5.2 
mA 
6.0V 
0.2 
.26 
0.33 
0.4 
V 


IIN 
Maximum 
Input Current 
VIN = Vcc or GND 
6.0V 
±0.1 
±1.0 
±1.0 
/LA 


Icc 
Maximum 
Quiescent 
Supply 
VIN=VCCorGND 
6.0V 
8.0 
80 
160 
/LA 
Current 
IOUT=O /LA 


Note 
1: Maximum 
Ratings are those values beyond which damage to the device may occur. 


Note 2: Unless otherwise 
specified all voltages are referenced 
to ground. 


Note 
3: Power Dissipation temperature 
derating - 
plastic "N" 
package: 
-12 mwrc 
from 
65°C to 85°C; ceramic "J" package: 
-12 
mWrC 
from 
1QOoCto 125°C. 


Note 4: For a power supply of 5V ± 10% the worst case outputvoltages(VOH.and Vou occur for HC at 4.5V.Thusthe 4.5V valuesshouldbe used when 
designingwiththissupply.WorstcaseVIHandVILoccurat Vee=5.5V and4.5Vrespectively.(TheVIHvalueat 5.5Vis 3.85V.)Theworstcaseleakagecurrent(t,N. 
Ice. and loz) occurfor CMOSat the highervoitageand so the 6.0Vvaluesshouldbe used. 


~•. 


C'I 
AC Electrical Characteristics 
o 
~ 
Vcc=5V, 
TA=25'C. 
Cl =15 
pF, tr=tf=6 
ns 
o:t: 
~r-- 
:E 
:E'" 
~ 
C'Io 
~o:t: 
~II) 
:E 
AC Electrical Characteristics 
Vcc=2.0V 
to 
6.0V, 
Cl =50 
pF, tr=tf=6 
ns 
(unless 
otherwise 
specified) 
:E 
00 
C'I~ 
00 
~~00 
:t::t: 
~~ 
•••••••••••• 
:E:E 
:E:E 
"'''' 
00 
C'I~ 
00 
~~00 
:t::t: 
~~ 
II) II) 
:E:E 
:E:E 


Symbol 
Parameter 
Conditions 
Typ 
Guaranteed 
Units 
Limit 


'MAX 
Maximum 
Operating 
Frequency 
50 
25 
MHz 


tPHl. tplH 
Maximum 
Propagation 
(Note 5) 
17 
35 
ns 


Delay Clock to Q 


tPHl 
Maximum 
Propagation 
16 
40 
ns 


Delay Reset to Any Q 


tREM 
Minimum 
Reset 
10 
20 
ns 


Removal 
Time 


tw 
Minimum 
Pulse Width 
10 
16 
ns 


TA=2S'C 
74HC 
S4HC 


Symbol 
Parameter 
Conditions 
Vcc 
TA = -40 
to 8S'C 
TA=-SSto12S'C 
Units 


Typ 
Guaranteed 
Limits 


'MAX 
Maximum 
Operating 
2.0V 
10 
4 
3 
3 
MHz 


Frequency 
4.5V 
40 
20 
16 
13 
MHz 


('4020 
and '4040) 
6.0V 
50 
24 
19 
16 
MHz 


'MAX 
Maximum 
Operating 
2.0V 
10 
5 
4 
3 
MHz 
Frequency 
('4024) 
4.5V 
50 
25 
20 
17 
MHz 
6.0V 
60 
29 
23 
20 
MHz 


tpHl, tplH 
Maximum 
Propagation 
2.0V 
80 
210 
265 
313 
ns 
Delay Clock to Q1 
4.5V 
21 
42 
53 
63 
ns 


6.0V 
18 
36 
45 
53 
ns 


tpHl 
Maximum 
Propagation 
2.0V 
80 
210 
265 
313 
ns 
Delay Reset to Q 
4.5V 
21 
42 
53 
63 
ns 
('4024 
only) 
6.0V 
18 
36 
45 
53 
ns 


tpHl 
Maximum 
Propagation 
2.0V 
72 
240 
302 
358 
ns 
Delay Reset to Any Q 
4.5V 
24 
40 
60 
72 
ns 
('4020 
and '4040) 
6.0V 
20 
41 
51 
61 
ns 


tREM 
Minimum 
Reset 
2.0V 
100 
126 
149 
ns 
Removal 
Time 
4.5V 
20 
25 
50 
ns 
6.0V 
16 
21 
25 
ns 


tw 
Minimum 
Pulse Width 
2.0V 
90 
100 
120 
ns 
4.5V 
16 
20 
24 
ns 
6.0V 
14 
18 
20 
ns 


tTlH, tTHl 
Maximum 
2.0V 
30 
75 
95 
110 
ns 
Output 
Rise 
4.5V 
10 
15 
19 
22 
ns 
and Fall Time 
6.0V 
9 
13 
16 
19 
ns 


tr, tf 
Maximum 
Input Rise and 
1000 
1000 
1000 
ns 
Fall Time 
500 
500 
500 
ns 
400 
400 
400 
ns 


CPD 
Power Dissipation 
(per package) 
55 
pF 
Capacitance 
(Note 6) 


CIN 
Maximum 
Input 
5 
10 
10 
10 
pF 
Capacitance 


Note 5: Typical Propagation 
delay time to any output can be calculated 
using: tp ~ 17 + 12(N- 1) ns; where N is the number of the output. Ow. at Vcc - 5V. 


Note 
6: Cpo 
determines 
the 
no load 
dynamic 
power 
consumption, 
PO=CPD vcc2 
1+lcc 
Vcc, 
and the 
no load 
dynamic 
current 
consumption, 


IS~CPD 
Vcc f+lcc· 


Note 7: Refer to Section 1 for Typical MM54174 
He AC Switching Waveforms 
and Test Circuits. 


MM54HC4020/MM74HC4020, 
MM54HC4024/MM74HC4024, 
MM54HC4040/MM74HC4040 
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~National 
~ 
semiconductor 


MM54HC4046/MM74HC4046 
Micropower 
Phase:Locked 
Loop 
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Dual-In-Une 
Package 
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General 
Description 


The HC4046 micropower phase-locked loop (PLL) utilizes 
microCMOSTMTechnology, 3.5 micron silicon gate P-well 
CMOS, and consists of a low power, linear, vOltage-con- 
trolled oscillator (VCO), a source follower, a zener diode, 
and two phase comparators. The two phase comparators 
have a common signal input and a common comparator 
input. The signal input can be directly coupled for a large 
voltage signal, or capacitively coupled to the self-biasing 
amplifier at the signal input for a small voltage signal. 


Phase comparator I, an exclusive OR gate, provides a digital 
error signal (phase compo lOut) 
and maintains 90· phase 


shifts at the VCO center frequency. Between signal input 
and comparator input (both at 50% duty cycle), it may lock 
onto the signal input frequencies that are close to harmon- 
ics of the VCO center frequency. 
Phase comparator II is an edge-controlled digital memory 
network. It provides a digital error signal (phase compo II 
Out) and lock-in signal (phase pulses) to indicate a locked 
condition and maintains a O· phase shift between signal in- 
put and comparator input. 


The linear voltage-controlled oscillator (VCO) produces an 
output signal (VCO Out) whose frequency is determined by 
the voltage at the VCOINinput, and the capacitor and resis- 
tors connected to pin C1A,C1B,R1 and R2. 
The source follower output of the VCOIN(demodulator Out) 
is used with an external resistor of 10 k.ll or more. 


The INHIBIT input, when high, disables the vea and source 
follower to minimize standby power consumption. 


Features 
• 
Wide supply voltage range 2.0V to 6.0V 
• 
Low dynamic power consumption 
• 
VCO frequency 
. 


• 
Low frequency drift with temperature 
• 
High VCO linearity 


Applications 
• 
FM demodulator and modulator 
• 
Frequency synthesis and multiplication 
• 
Frequency discrimination 
• 
Data synchronization and conditioning 
• 
Voltage-to-frequency conversion 
• 
Tone decoding 
• 
FSK modulation 
• 
Motor speed control 


~National 
~ 
semiconductor 


MM54HC4049/MM74HC4049 
Hex Inverting Logic Level Down Converter 
MM54HC4050/MM74HC4050 
Hex Logic Level Down Converter 


General 
Description 


The MM54HC4049/MM74HC4049 and the MM54HC40501 
MM74HC4050 utilize microCMOSTM Technology, 3.5 mi- 
cron silicon gate P-well CMOS, and have a modified input 
protection structure that enables these parts to be used as 
logic level translators which will convert high level logic to a 
low level logic while operating from the low logic supply. For 
example, 0-15V CMOS logic can be converted to 0-5V log- 
ic when using a 5V supply. The modified input protection 
has no diode connected to Vcc thus allowing the input volt- 
age to exceed the supply. The lower zener diode protects 
the input from both positive and negative static voltages. In 
addition each part can be used as a simple buffer or inverter 
without level translation. The MM54HC4049/MM74HC4049 


MM54HC4049f.MM74HC4049 


54HC4049 
(J) 
74HC4049 
(J,N) 


is pin and functionally compatible to the CD4049BMI 
CD4049BC and the MM54HC4050/MM74HC4050 is com- 
patible to the CD4050BM/CD4050BC 


Features 


• 
Typical propagation delay: 6 ns 
• 
Wide power supply range: 2V-6V 
• 
Low quiescent supply current: 20 ,...A maximum (74HC) 


• 
Fanout of 10 LS-TIL loads 


H=B 


TOP VIEW 


MM54HC4050/MM74HC4050 


54HC4050 
(J) 
74HC4050 
(J,N) 


Absolute Maximum Ratings (Notes 
1 & 2) 
Operating Conditions 


Supply Voltage 
(Veel 
-0.5 
to +7.0V 
Mln 
Max 
Units 


DC Input Voltage 
(VIN) 
-1.5toVcc+18V 
Supply Voltage(Veel 
2 
6 
V 


DC Output Voltage 
(Vour) 
-0.5 
to Vcc+0.5V 
DC Input Voltage 
0 
15 
V 


Clamp Diode Current 
(IZK' 10K) 
±20mA 
(VIN) 
Vee 
V 


DC Output Current, 
per pin (lour) 
±25mA 
DC Output Voltage 
0 
Vee 
V 


DC Vee or GND Current, 
per pin (Ieel 
±50mA 
(Vour) 


Storage 
Temperature 
Range (TsrG) 
-65'Cto 
+ 150'C 
Operating 
Temperature 
Range(T A) 


Power Dissipation 
(Po) (Note 3) 
500mW 
MM74HC 
-40 
+85 
'C 


Lead Temperature 
(TtJ (Soldering 
10 seconds) 
260'C 
MM54HC 
-55 
+125 
'C 


Input Rise or Fall Times 


(tr,tf) 
Vee=2.0V 
1000 
ns 


Vee=4.5V 
500 
ns 


. Vee=6.0V 
400 
ns 


DC Electrical Characteristics 
(Note 
4) 


TA=25'C 
74HC 
54HC 


Symbol 
Parameter 
Conditions 
Vcc 
TA = -40'C 
to 85'C 
TA = -55'C 
to 125'C 
Units 
Typ 
Guaranteed 
Limits 


VIH 
Minimum 
High Level Input 
2.0V 
1.5 
1.5 
1.5 
V 


Voltage 
4.5V 
3.15 
3.15 
3.15 
V 


6.0V 
4.2 
4.2 
4.2 
V 


VIL 
Maximum 
Low Level Input 
2.0V 
0.3 
0.3 
0.3 
V 


Voltage 
4.5V 
0.9 
0.9 
0.9 
V 


6.0V 
1.2 
1.2 
1.2 
V 


VOH 
Minimum 
High Level 
VIN=VIH 
orVIL 
Output Voltage 
Ilourl';;20 
!LA 
2.0V 
2.0 
1.9 
1.9 
1.9 
V 


4.5V 
4.5 
4.4 
4.4 
4.4 
V 


6.0V 
6.0 
5.9 
5.9 
5.9 
V 


VIN = VIH or VIL 


liourl 
';;4.0 mA 
4.5V 
4.2 
3.98 
3.84 
3.7 
V 


Ilourl';;5.2mA 
6.0V 
5.7 
5.48 
5.34 
5.2 
V 


VOL 
Maximum 
Low Level 
VIN = VIH or VIL 
Output 
Voltage 
Iiourl 
,;;20 !LA 
2.0V 
0 
0.1 
0.1 
0.1 
V, 


\. 
4.5V 
0 
0.1 
0.1 
0.1 
V 


6.0V 
0 
0.1 
0.1 
0.1 
V 


VIN = VIH or VIL 
liourl';;4mA 
4.5V 
0.2 
0.26 
0.33 
0.4 
V 


liourl 
,;;5.2 mA 
6.0V 
0.2 
0.26 
0.33 
0.4 
V 


IIN 
Maximum 
Input Current 
VIN=VeeorGND 
6.0V 
±0.1 
±1.0 
±1.0 
!LA 
VIN=15V 
6.0V 
±0.5 
±5 
±5 
!LA 


Ice 
Maximum 
Quiescent 
Supply 
VIN=VeeorGND 
6.0V 
2.0 
20 
40 
!LA 


Current 
lour=O 
!LA 


Note 
1: Absolute 
Maximum 
Ratings are those values beyond which damage 
to the device may occur. 


Note 
2: Unless otherwise 
specified 
all voltages 
are referenced 
to ground. 


Note 
3: Power Dissipation temperature 
derating - 
plastic "N" 
package: 
-12 mwrc 
from 65°C to 85°C; ceramic "J" 
package: 
-12 
mWI'C 
from 
100'C to 125'C. 


Note 
4: For a power supply of SV ± 10% the worst case output voltages 
(VOH and Vou occur for He at 4.5V. Thus the 4.5V values should be used when 


designing with this supply. Worst case VIH and VIL occur at Vcc= 
5.5V and 4.5V respectively. 
(The VIH value at 5.5V is 3.85V.) The worst case leakage current (lIN. 
Ice. loz) occur for CMOS at the higher voltage and so the 6.QV values should be used. 


- 


AC Electrical 
Characteristics 


Vcc=5V. 
TA=25'C. 
CL =15 
pF. t,=tf=6 
ns 


Symbol 
Parameter 
Conditions 
Typ 
Guaranteed 
Units 
Umlt 


tpHL. tpLH 
Maximum 
Propagation 
Delay 
8 
15 
ns 


AC Electrical 
Characteristics 


Vcc=2.0V 
to 6.0V. CL =50 
pF. t,=tf=6 
ns (unless 
otherwise 
specified) 


TA=25'C 
74HC 
54HC 


Symbol 
Parameter 
Conditions 
Vcc 
TA = -40' 
to 85'C 
TA = -55' 
to 125'C 
Units 


Typ 
Guaranteed 
Limits 


tpHL. tpLH 
Maximum 
Propagation 
2.0V 
30 
76 
92 
106 
ns 


Delay 
4.5V 
10 
17 
20 
26 
ns 


6.0V 
9 
15 
18 
20 
ns 


tTHL. tTLH 
Maximum 
Output 
2.0V 
25 
75 
95 
110 
ns 


Rise and Fall 
4.5V 
7 
15 
19 
22 
ns 


Time 
6.0V 
6 
13 
16 
19 
ns 


CPD 
Power Dissipation 
(per gate) 
25 
pF 


Capacitance 
(Note 5) 


CIN 
Maximum 
Input 
5 
10 
10 
10 
pF 


Capacitance 


Note 
5: CpO determines 
ttle 
no load 
dynamic 
power 
consumption, PO=CPD 
Vcc2 
f+lcc 
Vcc. 
and 
the 
no load 
dynamic 
current 
consumption, 
Is~CPD Vcc f+lcc· 


Note 6: Refer to Section 1 for Typical MM54174HC 
AC Switching Waveforms and Test Circuits. 


. 


MM54HC4051/MM74HC4051 
8 Channel Analog Multiplexer 
MM54HC4052/MM74HC4052 
Dual 4 Channel Analog Multiplexer 
MM54HC4053/MM74HC4053 
Triple 2 Channel Analog Multiplexer 


General 
Description 
These mUltiplexers are digitally controlled analog switches 
implemented in microCMOSTMTechnology, 3.5 micron sili- 
con gate P-well CMOS. These switches have low "on" re- 
sistance and low "off" 
leakages, They are bidirectional 
switches, thus any analog input may be used as an output 
and visa-versa. Also these switches contain linearization cir- 
cuitry which lowers the on resistance and increases switch 
linearity, These devices allow control of up to ± 6V (peak) 
analog signals with digital control signals of 0 to 6V, Three 
supply pins are provided for Vcc, Ground, and VEE. This 
enables 
the 
connection 
of 
0-5V 
logic 
signals when 


Vcc=5V 
and 
an 
analog 
input 
range 
of 
±5V 
when 
VEE=5V. All three devices also have an inhibit control 
which when high will disable all switches to their off state. 
All analog inputs and outputs and digital inputs are protect- 
ed from electrostatic damage by diodes to Vcc and ground. 
MM54HC4051/MM74HC4051: This device connects togeth- 
er the outputs of 8 switches, thus achieving an 8 'Channel 
Multiplexer. The binary code placed on the A, B, and C se- 
lect lines determine which one of the eight switches in "on", 
and connects one of the eight inputs to the common output. 
MM54HC4052/MM74HC4052: 
This device connects to- 
gether the outputs of 4 switches in two sets, thus achieving 


Connection 
Diagrams 


Dual-In-Llne Package 


IN/OUT 


Y2 
YI 
YO 
Y3 


a pair of 4 channel multiplexers. The binary code placed on 
the A, and B select lines determine which switch in each 4 
channel section is "on", connecting one of the four inputs in 
each section to its common output. This enables the imple- 
mentation of a 4 channel differential multiplexer. 


MM54HC4053/MM74HC4053: 
This 
device 
contains 
6 
switches whose outputs are connected together in pairs, 
thus implementing a triple 2 channel multiplexer, or the 
equivalent of 3 single-pole-double throw configuration. Each 
of the A, B, or C select lines independently controls one pair 
of switches, selecting one of the two switches to be "on", 


Features 
• 
Wide analog input voltage range: ± 6V 
• 
Low "on" resistance: 50 typo(VCC-VEE=4.5V) 
30 typo(VCC-VEE=9V) 
• 
Logic level translation to enable 5V logic with ± 5V 
analog signals 
• 
Low quiescent current: 80 I-'A maximum (74HC) 
• 
Matched Switch characteristic 
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MM54HC4051/MM74HC4051 


54HC4051 
(J) 74HC4051 
(J, N) 


MM54HC4052/MM74HC4052 


54HC4052 
(J) 74HC4052 
(J, N), 


MM54HC4053/MM74HC4053 


54HC4053(J)74HC4053(J,N) 


Absolute Maximum Ratings (Notes 
1 & 2) 
Operating Conditions 


Supply Voltage 
(Vee> 
-0.5 
to + 7.5V 
Mln 
Max 
Units 


Supply Voltage 
(VEE) 
+ 0.5 to - 7.5V 
Supply Voltage(Veel 
2 
6 
V 


Control 
Input Voltage 
(VIN) 
-1.5 
to Vee+ 
1.5V 
Supply Voltage(VEE) 
0 
-6 
V 


Switch 
I/O Voltage 
(VIO) 
VEE-0.5 
to Vee+0.5V 
DC Input or Output Voltage 
0 
Vee 
V 


Clamp Diode Current 
(11K. 10K) 
±20 
mA 
(VIN,VOUT) 


Output 
Current, 
per pin (lOUT) 
±25mA 
Operating 
Temperature 
Range(T A) 
MM74HC 
-40 
+85 
'C 


Vee or GND Current, 
per pin (Ieel 
±50mA 
MM54HC 
-55 
+125 
'C 


Storage 
Temperature 
Range 
(TSTG) 
- 65'C to + 150'C 
Input Rise or Fall Times 
Power Dissipation 
(Po) (Note 3) 
500mW 
(tr.tl) 
Vee=2.0V 
1000 
ns 


Lead Temperature 
(TU (Soldering 
10 seconds) 
260'C 
Vee=4.5V 
500 
ns 
Vee=6.0V 
400 
ns 


DC Electrical Characteristics 
(Note 
4) 


T 
= 25'C 
74HC 
54HC 


Symbol 
Parameter 
Conditions 
VEE 
Vcc 
A 
TA = -40 
to 85'C 
TA = -55 
to 125'C 
Units 
Typ 
Guaranteed 
Limits 


VIH 
Minimum 
High Level 
2.0V 
1.5 
1.5 
1.5 
V 


Input Voltage 
4.5V 
3.15 
3.15 
3.15 
V 


6.0V 
4.2 
4.2 
4.2 
V 


VIL 
Maximum 
Low Level 
2.0V 
0.3 
0.3 
0.3 
V 


Input Voltage 
4.5V 
0.9 
0.9 
0.9 
V 


6.0V 
1.2 
1.2 
1.2 
V 


RON 
Maximum 
"ON" 
Resistance 
VeTL =VIH, 
Is=O.l 
mA 
GND 
4.5V 
40 
n 


(See Note 5) 
Vls=Vee 
to GND 
-4.5V 
4.5V 
30 
n 


(Figure 1) 
-6.0V 
6.0V 
20 
n 


GND 
2.0V 
100 
n 


VeTL =VIH, 
Is=O.l 
mA 
GND 
4.5V 
40 
n 


Vls=VeeorGND 
-4.5V 
4.5V 
20 
n 


(Figure 1) 
-6.0V 
6.0V 
15 
n 


RON 
Maximum 
"ON "Resistance 
VeTL =VIH 
GND 
4.5V 
10 


., 
n 


Matching 
VIS = Vee to GND 
-4.5V 
4.5V 
5 
n 


-6.0V 
6.0V 
5 
n 


IIN 
Maximum 
Control 
VIN=VeeorGND 
±0.1 
±1.0 
±1.0 
!J.A 


Input Current 
Vee=2-6V 


IIZ 
Maximum 
Switch 
"OFF" 
Vos=VeeorGND 
GND 
6.0V 
10 
nA 


Leakage 
Current 
VIS = GND or Vee 
-6.0V 
6.0V 
20 
nA 


VeTL = VIL (Figure 2) 


IIZ 
Maximum 
Switch 
"ON" 
Vos=VeeorGND 
GND 
6.0V 
20 
nA 


Leakage 
Current 
VeTL =VIH 
-6.0V 
6.0V 
40 
nA 


(Figure 3) 


Ice 
Maximum 
Quiescent 
VIN=VceorGND 
GND 
6.0V 
8 
80 
160 
!J.A 


Supply Current 
IOUT=O !J.A 
-6.0V 
6.0V 
16 
160 
320 
!J.A 


Note 
1: Absolute 
Maximum 
Ratings afe those values beyond which damage to the device may occur. 


Note 2: Unless otherwise 
specified 
all voltages are referenced 
to ground. 


Note 
3: Power Dissipation temperature 
derating - 
plastic "N" 
package: 
-12 
mwrc 
from 6S'"C to 85°C; ceramic "J" package: 
-12 
mWI'C 
from 


lOQ'C to 125°C. 


Note 4: For a power supply of 5V ± 10% the worst case on resistances 
(RON) occurs for He at 4.5V. Thus the 4.5V values should be used when designing with 
thIs supply. Worst case VIH and VIL occur at Vcc=5.5V 
and 4.5V respectively. 
(The VIH value at 5.5V is 3.85V.) The worst case leakage current occur for CMOS 


at the higher voltage and so the 5.5V values should be used. 


Note 
5: At supply voltages 
(VCC-VEE) approaching 
2V the analog switch on resistance 
becomes extremely 
non-linear. Therefore 
it is recommended 
that these 
devices be used to transmit 
digital only when using these supply voltages. 


AC Electrical 
Characteristics 


Vcc= 
2.0V-6.0V 
VEE= OV-6V. 
Cl = 50 pF (unless 
otherwise 
specified) 


TA=25°C 
74HC 
54HC 


Symbol 
Parameter 
Conditions 
VEE 
Vcc 
TA= 
-40to 
85"C 
TA= 
-55 
to 125°C 
Units 


Typ 
Guaranteed 
Limits 


tPHl. tplH 
Maximum 
Propagation 
GND 
2.0V 
25 
ns 


Delay Switch 
In to 
GND 
4.5V 
5 
ns 


Out 
-4.5V 
4.5V 
4 
ns 


-6.0V 
6.0V 
3 
ns 


tpZl. 
tpZH 
Maximum 
Switch Turn 
Rl =1 kO 
GND 
2.0V 
92 
ns 


"ON" 
Delay 
GND 
4.5V 
18 
ns 


-4.5V 
4.5V 
16 
ns 


-6.0V 
6.0V 
15 
ns 


tpHZ. tpLZ 
Maximum 
Switch Turn 
GND 
2.0V 
65 
ns 


"OFF" 
Delay 
GND 
4.5V 
28 
ns 


-4.5V 
4.5V 
18 
ns 


-6.0V 
6.0V 
16 


fMAX 
Minimum 
Switch 
GND 
4.5V 
100 
MHz 


Frequency 
Response 
-4.5V 
4.5V 
120 
MHz 


2010g(VllVo)=3 
dB 


Cross Talk Control 
(Figure 7) 
-4.5V 
4.5V 
180 
mVp.p 


to Switch 


Cross Talk Between 
(Figure 8) 
-4.5V 
4.5V 
MHz 


Any Two Switches 


(Frequency 
at - 50 dB) 


CIN 
Maximum 
Control 
5 
10 
10 
10 
pF 


Input Capacitance 


CIN 
Maximum 
Switch 
Input 
15 
pF 


Input Capacitance 
4051 Common 
90 


4052 Common 
45 


4053 Common 
30 


CIN 
Maximum 
Feedthrough 
5 
pF 


Capacitance 


Truth Tables 


'4051 
'4052 
'4053 


Input 
"ON" 
Inpula 
"ON" Channela 
Input 
"ON" Channel. 


Inh I C 
B 
A 
Channel 
Inh 
B 
A 
X 
Y 
Inh 
C 
C 
B 
A 
b 
• 
H I 
X 
X 
X 
None 
H 
X 
X 
None 
None 
H 
X 
X 
X 
None 
None 
None 
L - 
L 
L 
L 
YO 
L 
L 
L 
OX 
OY 
L 
L 
L 
L 
CX 
BX 
AX 
L 
L 
L 
H 
Y1 
L 
L 
H 
1X 
1Y 
L 
L 
L 
H 
CX 
BX 
AY 
L 
L 
H 
L 
Y2 
L 
H 
L 
2X 
2Y 
L 
L 
H 
L 
CX 
BY 
AY 
L 
L 
H 
H 
Y3 
L 
H 
H 
3X 
3Y 
L 
L 
H 
H 
CX 
BY 
AY 
L 
H 
L 
L 
Y4 
L 
H 
L 
L 
CY 
BX 
AY 
L 
H 
L 
H 
Y5 
L 
H 
L 
H 
CY 
BX 
AY 
L 
H 
H 
L 
Y6 
L 
H 
H 
L 
CY 
• 
BY 
AY 
L 
H 
H 
H 
Y7 
L 
H 
H 
H 
CY 
BY 
AY 


TEST 
SWITCH 


GND 


TEST 


SWITCH 


GNO 


TLiF/5353-6 
FIGURE 3. "ON" Channel 
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t 


TL/F/5353-10 
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50 
PF 


Typical "On" Resistance 
vs Input Voltage 
90 


-6 
-4 
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4 
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~National 
~ 
semiconductor 


MM54HC4060/MM74HC4060 
14 Stage Binary Counter 


General 
Description 


The MM54HC4060/MM74HC4060 is a high speed binary 
ripple carry counter. These counters are implemented utiliz- 
ing microCMOSTMtechnology, 3.5 micron silicon gate P- 
well CMOS, to achieve speed performance similar to LS- 
TIL logic while retaining the low power and high noise im- 
munity of CMOS. 
The 'HC4060 is a 14 stage counter, this device increments 
on the falling edge (negative transition) of the input clock, 
and all their outputs are reset to a low level by applying a 
logical high on their reset input. The 'HC4060 also has two 
additional inputs to enable easy connection of either an RC 
or crystal oscillator. 
M""oCMOS 
Is aT••_ 
of National-..:t", 
Corp. 


This device is pin equivalent to the CD4060. All inputs are 
protected from damage due to static discharge by protec- 
tion diodes to Vcc and ground. 


Features 
• 
Typical propagation delay: 16 ns 
• 
Wide operating voltage range: 2-6V 
• 
Low input current: 1 /LA maximum 
• 
Low quiescent current: 80 /LA maximum (74 series) 
• 
Output drive capability: 10 LS-TIL loads 


Dual·ln·Llne 
Package 


I 


Va: 
QIQ 
III 
Q9 
WET 
ClOCl<l ~ 
CUlCl( 


11 
15 
1. 
13 
12 
11 
10 
I 


MM54HC4060/MM74HC4060 


54HC4060 
(J) 74HC4060 
(J, N) 


CLOCK 2 


CLOCK 1 


CLOCK 


Absolute 
Maximum Ratings 
(Notes 
1 & 2) 
Operating 
Conditions 


Supply Voltage(Vecl 
-0.5 
to + 7.0V 
Mln 
Max 
Units 


DC Input Voltage(VIN) 
-1.5 
to Vee+1.5V 
Supply Voltage(Vecl 
2 
6 
V 


DC Output Voltage(VOUT) 
-0.5 
to Vee+0.5V 
DC Input or Output Voltage 
0 
Vee 
V 


Clamp Diode Current(leo) 
±20mA 
(VIN,VOUT) 


DC Output.Current, 
per pin(louT) 
±25mA 
Operating 
Temperature 
Range(T A> 
MM74HC 
-40 
+85 
·C 
DC Vcc or GND Current, 
per pin(lcc) 
±50mA 
MM54HC 
-55 
+125 
·C 


Storage 
Temperature 
Range(T STG) 
-i5·Cto 
+ 150·C 
Input Rise or Fall Times 


Power Dissipation(Po) 
(Note 3) 
500mW 
(tr,tf) 
Vee=2.0V 
1000 
ns 


Lead Temperature(T 
Ll (Soldering 
10 seconds) 
260·C 
Vee=4.5V 
500 
ns 
Vee=6.0V 
400 
ns 


DC Electrical 
Characteristics 
(Note 
4) 


TA=25·C 
74HC 
54HC 


Symbol 
Parameter 
Conditions 
Vcc 
TA= 
-40to 
85·C 
TA = -55 
to 125·C 
Units 


Typ 
Guaranteed 
limits 


VIH 
Minimum 
High Level Input 
2.0V 
1.5 
1.5 
1.5 
V 


Voltage 
4.5V 
3.15 
3.15 
3.15 
V 


6.0V 
4.2 
4.2 
4.2 
V 


VIL 
Maximum 
Low Level Input 
2.0V 
0.3 
0.3 
0.3 
V 


Voltage 
4.5V 
0.9 
0.9 
0.9 
V 


6.0V 
1.2 
1.2 
1.2 
V 


VOH 
Minimum 
High Level Output 
VIN=VIHorVIL 
Voltage 
IIOUTI~20 
p.A 
2.0V 
2.0 
1.9 
1.9 
1.9 
V 


4.5V 
4.5 
4.4 
4.4 
4.4 
V 


6.0V 
6.0 
5.9 
5.9 
5.9 
V 


VIN = VIH or VIL 


IIOUTI~4.0 
mA 
4.5V 
4.2 
3.98 
3.84 
3.7 
V 


IIOUTI~5.2 
mA 
6.0V 
5.7 
5.48 
5.34 
5.2 
V 


VOL 
Maximum 
Low Level Output 
VIN = VIH or VIL 
Voltage 
IIOUTI~20 
p.A 
2.0V 
0 
0.1 
0.1 
0.1 
V 


4.5V 
0 
0.1 
0.1 
0.1 
V 


6.0V 
0 
0.1 
0.1 
0.1 
V 


VIN = VIH or VIL 


IIOUTI~ 4mA 
4.5V 
0.2 
0.26 
0.33 
0.4 
V 


IIOUTI~5.2 
mA 
6.0V 
0.2 
0.26 
0.33 
0.4 
V 


IIN 
Maximum 
Input Current 
VIN = Vcc or GND 
6.0V 
±0.1 
±1.0 
±1.0 
p.A 


Ice 
Maximum 
Quiescent 
Supply 
VIN=VCCorGND 
Current 
IOUT=Op.A 
6.0V 
8.0 
80 
160 
p.A 


NOt8 
1: Maximum 
Ratings are those values beyond 
which damage 
to the device may occur. 


Note 
2: Unless otherwise 
specified 
all voltages 
are referenced 
to grOl~nd. 


Note 3: PowerDissipationtemperaturederating:plastic"N" package:-12 mWrC from 6S·Cto 8S·Cceramic"J" package:-12 mWrC from 100·Cto 12S·C 
Note 4: For a power supply of SV ±10% the worst case outputvoltages (VOH.and Vou occur for HC at 4.SV.Thusthe 4.SVvaluesshouldbe used when 
designingwiththissupply.WorstcaseVIHandVILoccurat Vee ~ S.SVand4.SVrespectively.(TheVIHvalueat S.SVis 3.8SV.)The worstcase leakagecurrent 
(IIN.Ice. and loz) occur for CMOSat the highervoltageandso the 6.0Vvaluesshouldbe used. 


AC Electrical Characteristics 


Vcc=5V, 
TA = 25°C, CL =15 
pF, tr=t,=6 
ns 


Symbol 
Parameter 
Conditions 
Typ 
Guaranteed 
Units 
Umlt 


fMAX 
Maximum 
Operating 
Frequency 
40 
20 
MHz 


tpHL, tpLH 
Maximum 
Propagation 
(Note 5) 
40 
55 
ns 
Delay Clock to 04 


tpHL, tpLH 
Maximum 
Propagation 
16 
40 
ns 
Delay Reset to Any 0 


tREM 
Minimum 
Reset 
10 
20 
ns 
Removal 
Time 


tw 
Minimum 
Pulse Width 
10 
16 
ns 


AC Electrical Characteristics 
Vcc=2.0V 
to 6.0V, CL =50 
pF, tr=t,=6 
ns (unless 
otherwise 
specified) 


TA=25°C 
TA74HC 
TA54HC 


Symbol 
Parameter 
Conditions 
Vcc 
TA= 
-40 
to 85°C 
TA= 
-55 
to 125°C 
Units 


Typ 
Guaranteed 
LImits 


fMAX 
Maximum 
Operating 
2.0V 
10 
4 
3 
3 
MHz 


Frequency 
4.5V 
40 
20 
16 
13 
MHz 


6.0V 
50 
24 
19 
16 
MHz 


tpHL, tpLH 
Maximum 
Propagation 
2.0V 
120 
300 
375 
450 
ns 


Delay Clock to 04 
4.5V 
42 
60 
75 
90 
ns 


6.0V 
35 
47 
59 
62 
ns 


tpHL 
Maximum 
Propagation 
2.0V 
72 
240 
302 
358 
ns 


Delay Reset to Any 0 
4.5V 
24 
48 
60 
72 
ns 


6.0V 
20 
41 
51 
61 
ns 


tREM 
Minimum 
Reset 
2.0V 
100 
125 
150 
ns 


Removal 
Time 
4.5V 
20 
25 
30 
ns 


6.0V 
17 
21 
25 
ns 


tw 
Minimum 
Pulse Width 
2.0V 
80 
100 
120 
ns 


4.5V 
16 
20 
24 
ns 


6.0V 
14 
17 
20 
ns 


tr, t, 
Maximum 
Input Rise and 
2.0V 
1000 
1000 
1000 
ns 


Fall Time 
4.5V 
500 
500 
500 
ns 


6.0V 
400 
400 
400 
ns 


tTHL, tTLH 
Maximum 
Output 
Rise 
2.0V 
30 
75 
95 
110 
ns 


and Fall Time 
4.5V 
10 
15 
19 
22 
ns 


6.0V 
9 
13 
16 
19 
ns 


CPO 
Power Dissipation 
(per package) 
55 
pF 


Capacitance 
(Note 6) 


CIN 
Maximum 
Input 
5 
10 
10 
10 
pF 


Capacitance 


Not. 
5: TypicalPropagationdelaytime 10 anyoutputcan be calCtJlaledusing:Ip 17+12(N-l) 
ns;where N is the numberof the output,Ow. et Vcc=5V. 


Note 
8: CPO determines 
the no load dynamic 
power 
consumption, 
Po = 
Cpo vcc2 
f+lcc 
Vcc. 
and the no load dynamic 
current 
consumption, 


Is = CPO Vcc f + Ice. 


Not. 
7: Refer10 Section1 for TypicalMM54174HC AC SwitchingWaveformsend Test Circuits. 


o 
~ 
Timing Diagram 
•o:t• 
•••• 


• 
:::E 
:::E" 
o 
CD 
~o:t• 
it) 
:::E 
:::E 


~National 
~ 
semiconductor 


MM54HC4066/MM74HC4066 
Quad Analog Switch 


General Description 
These devices are digitally controlled analog switches utiliz- 
ing microCMOSTMTechnology, 3.5 micron silicon gate P- 
well CMOS. These switches have low "on" resistance and 
low "off" 
leakages. They are bidirectional switches. thus 
any analog input may be used as an output and visa-versa. 
Also the '4066 switches contain linearization circuitry which 
lowers the "on" resistance and increases switch linearity. 
The '4066 devices allow control of up to 12V (peak) analog 
signals with digital control signals of the same range. Each 
switch has its own control input which disables each switch 
when low..AII analog inputs and outputs and digital Inputs 
are protected from electrostatic damage by diodes to Vcc 
and ground. 


Connection 
Diagram 


Vc:c 
lCTL 
4CTI. 
41/0 
40/1 
30/1 


11/0 
10/1 
ZO/l 
ZI/O 
ZCTL 
3CTL 
GND 


TLlF/5350-1 
MM54HC4066/MM74HC4066 


54HC4066 (J) 
74HC4066 (J,N) 


Features 


• 
Typical switch enable time: 15 ns 
• 
Wide analog input voltage range: 0-12V 
• 
Low "on" resistance: 30 typo('4066) 
• 
Low quiescent current: 80 JJA maximum (74HC) 
• 
Matched switch characteristics 
• 
Individual switch controls 


Input 
Switch 


CTL 
1/0-0/1 


L 
"OFF" 
H 
"ON" 


Absolute Maximum Ratings 
(Notes 
1 & 2) 
Operating Conditions 


Supply Voltage (Vcc) 
-0.5 
to +15V 
Mln 
Max 
Units 


DC Control Input Voltage (VIN) 
-1.5 
to Vcc+ 
1.5V 
Supply Voltage(Vcel 
2 
12 
V 


DC Switch I/O Voltage (VIOl 
VEE-0.5 
to Vcc+ 
0.5V 
DC Input or Output Voltage 
0 
Vcc 
V 


Clamp Diode Current (11K, 10K> 
±20mA 
(VIN,VOUT) 


DC Output Current, per pin (lOUT) 
±25mA 
Operating Temperature 
Range(T Al 
MM74HC 
-40 
+85 
·C 
DC VCC or GND Current, per pin (Icel 
±50mA 
MM54HC 
-55 
+125 
·C 
Storage Temperature 
Range (TSTG) 
-65·Cto 
+ 150·C 
Input Rise or Fall Times 
Power Dissipation (Po) (Note 3) 
500mW 
(trottl 
Vcc=2.0V 
1000 
ns 


Lead Temperature 
(Tu (Soldering 10 seconds) 
260·C 
Vcc=4.5V 
500 
ns 
Vcc=9.0V 
400 
ns 


DC Electrical Characteristics 
(Note 4) 


TA=25·C 
74HC 
54HC 


Symbol 
Parameter 
Conditions 
Vcc 
TA= -40 
to 85·C 
TA= -55 
to 12SOC Units 
Typ 
Guaranteed 
Limits 


VIH 
Minimum High Level 
2.0V 
1.5 
1.5 
1.5 
V 
Input Voltage 
4.5V 
3.15 
3.15 
3.15 
V 
9.0V 
6.3 
5.3 
6.3 
V 
12.0V 
8.4 
8.4 
8.4 
V 


VIL 
Maximum Low Level 
2.0V 
0:3 
0.3 
0.3 
V 
Input Voltage 
4.5V 
0.9 
0.9 
0.9 
V 
9.0V 
1.8 
1.8 
1.8 
V 
12.0V 
2.4 
2.4 
2.4 
V 


RON 
Maximum "ON" Resistance 
VCTL=VIH,ls=.1 
mA 
4.5V 
100 
n 
(See Note 5) 
VIS= Vcc to GND 
.9.0V 
50 
n 
(Figure 1) 
12.0 
30 
n 


2.0V 
120 
n 
VCTL=VIH. Is=.l 
mA 
4.5V 
50 
n 
VIS= Vcc or GND 
9.0V 
35 
n 
(Figure 1) 
12.0V 
20 
. 
n 


RON 
Maximum "ON" Resistance 
VCTL=VIH 
4.5V 
10 
n 
Matching 
VIS=VCC to GND 
·9.0V 
5 
n 
12.0V 
5 
n 


IIN 
Maximum Control 
VIN=VCC or GND 
±0.1 
±1.0 
±1.0 
IJoA 
Input Current 
Vcc=2-6V 


IIZ 
Maximum Switch "OFF" 
Vos=VccorGND 
5.5V 
10 
nA 
Leakage Current 
Vls=GNDorVcc 
9.0V 
15 
nA 
VCTL=VIL (Figure 2) 
12.0V 
20 
nA 


IIZ 
Maximum Switch "ON" 
Vos=VccorGND 
5.5V 
10 
nA 
Leakage Current 
VCTL=VIH 
9.0V 
15 
nA 
(Figure 3) 
12.0V 
20 
nA 


Icc 
Maximum Quiescent 
VIN=VCCor 
GND 
5.5V 
2.0 
20 
40 
IJoA 
Supply Current 
IOUT=O IJoA 
9.0V 
8.0 
80 
160 
IJoA 
12.0V 
16.0 
160 
320 
IJoA 


Note 1: Absolute 
Maximum Ratings are those values beyond which damage to the device may occur. 
Note 2: Unlessotherwisespecifiedall voltagesarereferencedto ground. 
Nole 3: PowerDissipationtemperaturederating- 
plastic"N" package:-12 mWrC from 65'C to 65'C; ceramic"J" package:-12 mWrC from 
100'Cto 125'C. 
Nole4: Forapowersupplyof5V ±10%theworstcaseonresistance(RON) occursforHCat4.5V.Thusthe4.5Vvaluesshouldbeusedwhendesigningwiththis 
supply.WorstcaseV,HandV,LoccuratVcc=5.5V and4.5V respectively.(TheVIHvalueat 5.5V is 3.65V.) TheworstcaseleakagecurrentoccursforCMOSat 
thehighervoltageandsothe5.5Vvaluesshouldbeused. 
Nole 5: At supplyvoltages(VCC-VEelapproaching2Vtheanalogswitchonresistancebecomesextremelynon-linear.Thereforeit is recommendedthatthese 
devicesbeusedto transmitdigitalonlywhenusingthesesupplyvoltages. 


AC Electrical Characteristics 


Vcc=2.0V-6.0V 
VEE=OV-6V, 
CL =50 
pF (unless 
otherwise 
specified) 


TA=2SoC 
74HC 
S4HC 


Symbol 
Parameter 
Conditions 
Vcc 
TA= 
-40 
to 8SoC 
TA=-SSto12SoC 
Units 
Typ 
Guaranteed 
Limits 


tpHL, tpLH 
Maximum 
Propagation 
2.0V 
25 
50 
ns 


Delay Switch 
In to 
4.5V 
5 
10 
13 
15 
ns 


Out 
9.0V 
4 
8 
10 
12 
ns 


12.0V 
3 
7 
9 
11 
ns 


lpZL, tpZH 
Maximum 
Switch Turn 
RL =1 kO 
2.0V 
32 
80 
100 
120 
ns 


"ON" 
Delay 
4.5V 
8 
16 
20 
24 
ns 


9.0V 
6 
14 
18 
21 
ns 


12.0V 
5 
12 
15 
18 
ns 


lpHZ, tpLZ 
Maximum 
Switch Turn 
2.0V 
45 
150 
187 
225 
- 
ns 


"OFF" 
Delay 
4.5V 
15 
30 
38 
45 
ns 


9.0V 
10 
20 
25 
30 
ns 


12.0V 
8 
16 
20 
24 


fMAX 
Minimum 
Switch 
4.5V 
100 
MHz 


Frequency 
Response 
9.0V 
120 
MHz 


20Iog(WVo)=3 
dB 


Cross Talk Control 
(Figure 7) 
4.5V 
180 
mVp_p 


to Switch 


Cross Talk Between 
(Figure 8) 
4.5V 
MHz 


Any Two Switches 


(Frequency 
at -50 
dB) 


CIN 
Maximum 
Control 
5 
10 
10 
10 
pF 


Input Capacitance 


CIN 
Maximum 
Swi1ch 
Input 
15 
pF 


Input Capacitance 


CIN 
Maximum 
Feedthrough 
VCTL =GND 
5 
pF 
Capacitance 


4 


1/0 
S~'~~H~S 
011 


GND 


CONTROL 
Vee 


1/0 
S~'~~H~S 
011 


VEE 


1 OF 4 
SWITCHES 


GNO 


1 OF 4 
SWITCHES 


GND 


TL/F/5369-5 
FIGURE 3. "ON" Channel Leakage Current 


Cl 
150PF 


tPZL 


tOll 


vee~V::~% 


VOL 
~ 


vee~ 
50% 


OV~K 
VOK 


OV 
10% 


v 
VOO 


cc~v::~r:% 
OV-··--~ 


CONTROL 
Vec 


V'S 
IN/OUT S~I~~:ESOUT/IN 
Vas 


R,. 
GNO 
RL 
CL 
lk 
10k J 
50 
PF 
':' 
':' 
':' 


~= 
ns~ 


90% 


OV 
_ 
10% 
1{'.'" 


\;-"-F 
+ 
CROSSTALK 
t 


IN/OUT S~I~~~ESOUT/IN 


GNO 


CONTROL 
Vec 


IN/OUT S~l~~:ESOUT/IN 


GND 
"=C=if\J 
1/1 


Typical "On" Resistance 
vs. Input Voltage ('4066) 
90 


-6 
-4 
-2 
0 
2 
4 


INPUT VOLTAGE (VOLTS) 


TlIF/5355-18 


~National 
~ 
semiconductor 


MM54HC4075/MM74HC4075 
Triple 3-lnput OR Gate 


General Description 
These OR gates utilize microCMOSTMTechnology. 3.5 mi- 
cron silicon gate P-well CMOS, to achieve operating speeds 
similar to LS-TIL gates with the low power consumption of 
standard CMOS integrated circuits. All gates have buffered 
outputs. providing high noise immunity and the ability to 
drive 10 LS-TIL loads. The 54HC174HC logic family is func- 
tionally as well as pin-out compatible with the standard 
54LS174LS logic family. The 54HC4075/74HC4075 is func- 
tionally 
equivalent 
and 
pin-out 
compatible 
with 
the 


CD4075B and MC14075B metal gate CMOS devices. All in- 
puts are protected from damage due to static discharge by 
internal diode clamps to Vcc and ground. 


Features 


• 
Typical propagation delay: 11 ns 
• 
Wide power supply range: 2V-6V 
• 
Low quiescent current: 20 ",A maximum (74HC series) 
• 
Low input current: 1 ",A maximum 
• 
Fanout of 10 LS-TIL loads 


MM54HC4075/MM74HC4075 


54HC4075 
(J) 
74HC4075 
(J,N) 


Absolute Maximum Ratings 
(Notes 
1 & 2) 
Operating Conditions 


Supply Voltage 
(Vcel 
-0.5 
to +7.0V 
Mln 
Max 
Units 


DC Input Voltage 
(VIN) 
-1.5 
to Vcc+1.5V 
Supply Voltage 
(Vcel 
2 
6 
V 


DC Output Voltage 
(VOUT) 
-0.5 
to Vcc+0.5V 
DC Input or Output Voltage 
O. 
Vcc 
V 


Clamp Diode Current 
(11K. 10K) 
±20mA 
(VIN.VOUT) 


DC Output Current. 
per pin (lOUT) 
±25mA 
Operating 
Temperature 
Range (TA) 
MM74HC 
-40 
+85 
'C 
DC Vcc or GND Current. 
per pin (Icel 
±50mA 
MM54HC 
-55 
+125 
'C 
Storage 
Temperature 
Range (TSTG) 
-65'Cto 
+ 150'C 
Input Rise or Fall Times 
Power Dissipation 
(PD) (Note 3) 
500mW 
(tr• tt) 
Vcc=2.0V 
1000 
ns 


Lead Temperature 
(TU (Soldering 
10 seconds) 
260'C 
Vcc=4.5V 
500 
ns 
Vcc=6.0V 
400 
ns 


DC Electrical Characteristics 
(Note 
4) 


TA=25'C 
74HC 
54HC 


Symbol 
Parameter 
Conditions 
Vcc 
TA= 
-40 
to 85'C 
TA=-55to125'C 
Units 


Typ 
Guaranteed 
LImits 


VIH 
Minimum 
High Level 
2.0V 
1.5 
1.5 
1.5 
V 


Input Voltage 
4.5V 
3.15 
3.15 
3.15 
V 


6.0V 
4.2 
4.2 
4.2 
V 


VIL 
Maximum 
Low Level 
2.0V 
0.3 
0.3 
0.3 
V 


Input Voltage 
4.5V 
0.9 
0.9 
0.9 
V 


6.0V 
1.2 
1.2 
1.2 
V 


VOH 
Minimum 
High Level 
VIN = VIH or VIL 


Output Voltage 
IIOUTI ,;;20 ",A 
2.0V 
2.0 
1.9 
1.9 
1.9 
V 


4.5V 
4.5 
4.4 
4.4 
4.4 
V 


6.0V 
6.0 
5.9 
5.9 
5.9 
V 


VIN = VIH or VIL 


IIOUTI ';;4.0 mA 
4.5V 
4.2 
3.98 
3.84 
3.7 
V 


IIOUTI ,;;5.2 mA 
6.0V 
5.7 
5.48 
5.34 
5.2 
V 


VOL 
Maximum 
Low Level 
VIN = VIH or VIL 
Output Voltage 
IIOUTI,;;20 ",A 
2.0V 
0 
0.1 
0.1 
0.1 
V 


4.5V 
0 
0.1 
0.1 
0.1 
V 


6.0V 
0 
0.1 
0.1 
0.1 
V 


VIN=VIHorVIL 
liouTI ,;;4.0 mA 
4.5V 
0.2 
0.26 
0.33 
0.4 
V 


IIOUTI ,;;5.2 mA 
6.0V 
0.2 
0.26 
0.33 
0.4 
V 


IIN 
Maximum 
Input 
VIN=VCcorGND 
6.0V 
±0.1 
±1.0 
±1.0 
",A. 


Current 


Ice 
Maximum 
Quiescent 
VIN=VccorGND 
6.0V 
2.0 
20 
40 
",A 
Supply Current 
IOUT=O 
",A 


Note 
1: Absolute 
Maximum 
Ratings are those values beyond which damage to the device may occur. 


Note 2: Unless otherwise 
specified all voltages are referenced 
to ground. 


Note 
3: Power 
Dissipation 
temperature 
derating 
- 
plastic 
uN" 
package: 
-12 
mwrc 
from 
65°C 
to 85°C; 
ceramic 
"J" 
package: 
-12 mWrC from 
100'C to 125'C. 


Note 
4: For a power supply of 5V ±10% 
the worst case output voltages 
(VOH. and Vou occur for He at 4.5V. Thus the 4.5V values should be used when 
designing with this supply. Worst case VIH and Vll occur at Vce= 
5.5V and 4.5V respectively. 
(The VIH value at 5.5V is 3.85V.) The worst case leakage current (IIN. 
Ice. and lov 
occur for CMOS at the higher voltage and so the 6.QV values should be used. 


AC Electrical 
Characteristics 


Vcc=5V, 
TA=25°C, 
CL =15 
pF.t,.=tf=6 
ns 


Symbol 
Parameter 
Conditions 
Typ 
Guaranteed 
Units 
Limit 


tpHL, tpLH 
Maximum 
Propagation 
11 
20 
ns 


Delay 


AC Electrical Characteristics 


Vcc=2.0V 
to 6.0V, CL =50 
pF, tr=tf=6 
ns (unless 
otherwise 
specified) 


TA=25°C 
74HC 
54HC 


Symbol 
Parameter 
Conditions 
Vcc 
TA= 
-40 
to 85°C 
TA= 
-55 
to 125°C 
Units 


Typ 
Guaranteed 
Limits 


tpHL, tpLH 
Maximum 
Propagation 
2.0V 
40 
115 
145 
171 
ns 


Delay 
4.5V 
12 
23 
29 
34 
ns 


6.0V 
10 
20 
25 
29 
ns 


tTLH, tTHL 
Maximum 
Output 
2.0V 
30 
75 
95 
110 
ns 


Rise and Fall 
4.5V 
10 
15 
19 
22 
ns 


Time 
6.0V 
9 
13 
16 
19 
ns 


CPO 
Power Dissipation 
(per gate) 
30 
pF 


Capacitance 
(Note 5) 


CIN 
Maximum 
Input 
5 
10 
10 
10 
pF 


Capacitance 


Nole 5: cPO determines the no load dynamic power consumption, Po~Cpo Vcc2 f+lcc 
Vcc. and the no load dynamic current consumption, 
Is=Cpo Vcc f+lcc· 
Note 6: Refer to Section1 for TypicalMM54174HCAC SW~chingWaveformsandTest Circu~. 


~National 
~ 
semiconductor 


MM54HC4078/MM74HC4078 
8-lnput NOR/OR Gate 


General Description 


These 
NOR gates utilize microCMOSTM 
Technology. 
3.5 mi- 
cron silicon gate P-well CMOS. to achieve 
operating 
speeds 
similar to LS-TTL 
gates with the low power 
consumption 
of 
standard 
CMOS 
integrated 
circuits. 
Both 
outputs 
are buff- 
ered. 
providing 
high noise 
immunity 
aod the ability 
to drive 


10 L5-TTL 
loads. The 54HC4078/74HC4078 
is functionally 
equivalent 
and 
pin-out 
compatible 
with 
the 
CD4078B. 
All 


inputs are protected 
from damage 
due to static discharge 
by 


internal 
diode clamps 
to Vcc 
and ground. 


Features 


• 
Typical 
propagation 
delay: 
15 ns 


• 
Wide 
power 
supply 
range: 
2-6V 


• 
Low quiescent 
current: 
20 IJ-A maximum 
(74HC 
series) 


• 
Low input current: 
1 IJ-A maximum 


• 
Fanout 
of 10 LS-TTL 
loads 


MM54HC4078/MM74HC4078 


54HC4078 
(J) 
74HC4078 
(J,N) 


Logic Diagram 
_ 


Absolute Maximum Ratings 
(Notes 
1 & 2) 
Operating Conditions 


Supply Voltage 
(Veel 
-0.5 
to + 7.0V 
Mln 
Max 
Units 


DC Input Voltage 
(VIN) 
-1.5toVce+1.5V 
Supply Voltage 
(Vce) 
2 
6 
V 


DC Output Voltage 
(VOUT) 
-0.5 
to Vee+0.5V 
DC Input or Output Voltage 
0 
Vce 
V 


Clamp Diode Current 
(hK, 10K) 
±20mA 
(VIN,VOUT) 


DC Output Current, 
per pin (lOUT) 
±25mA 
Operating 
Temperature 
Range (TAl 
MM74HC 
-40 
+85 
'C 
DC Vce or GND Current, 
per pin (Ice) 
±50mA 
MM54HC 
-55 
+125 
'C 


Storage 
Temperature 
Range (T8TG) 
- 65'C to + 150'C 
Input Rise or Fall Times 
Power Dissipation 
(Po) (Note 3) 
500mW 
(tr, tll 
Vec=2.0V 
1000 
ns 


Lead Temperature 
(TLl (Soldering 
10 seconds) 
260'C 
Vce=4.5V 
500 
ns 
Vce=6.0V 
400 
ns 


DC Electrical Characteristics 
(Note 
4) 


TA=25'C 
74HC 
54HC 


Symbol 
Parameter 
Conditions 
Vcc 
TA= 
-40 
to 85'C 
TA = -55 
to 125'C 
Units 
Typ 
Guaranteed 
Limits 


VIH 
Minimum 
High Level 
2:0V 
1.5 
1.5 
1.5 
V 


Input Voltage 
4.5V 
3.15 
3.15 
~ 
3.15 
V 


6.0V 
4.2 
4.2 
4.2 
V 


VIL 
Maximum 
Low Level 
2.0V 
0.3 
0.3 
0.3 
V 


Input Voltage 
4.5V 
0.9 
0.9 
0.9 
V 


6.0V 
1.2 
1.2 
1.2 
V 


VOH 
Minimum 
High Level 
VIN=VIHorVIL 
Output Voltage 
IIOUTI~20 
IJoA 
2.0V 
2.0 
1.9 
1.9 
1.9 
V 


4.5V 
4.5 
4.4 
4.4 
4.4 
V 


6.0V 
6.0 
5.9 
5.9 
5.9 
V 


VIN=VIHorVIL 


IIOUTI ~ 4.0 mA 
4.5V 
4.2 
3.98 
3.84· 
3.7 
V 


IIOUTI ~ 5.2 mA 
6.0V 
5.7 
5.48 
5.34 
5.2 
V 


VOL 
Maximum 
Low Level 
VIN=VIHorVIL 
Output Voltage 
IIOUTI~20 
IJoA 
2.0V 
0 
0.1 
0.1 
0.1 
V 


4.5V 
0 
0.1 
0.1 
0.1 
V 


6.0V 
0 
0.1 
0.1 
0.1 
V 


VIN=VIHorVIL 


IlouTI~4mA 
4.5V 
0.2 
0.26 
0.33 
0.4 
V 


HOUTI~ 5.2 mA 
6.0V 
0.2 
0.26 
0.33 
0.4 
V 


IIN 
Maximum 
Input 
VIN = Vee or GND 
6.0V 
±0.1 
±1.0 
±1.0 
IJoA 


Current 


Ice 
Maximum 
Quiescent 
VIN = Vce or GND 
6.0V 
2.0 
20 
40 
IJoA 


Supply Current 
IOUT=OIJoA 


Note 
1: Absolute 
Maximum 
Ratings are those values beyond which damage to the device may occur. 


Note 
2: Unless otherwise 
specified all voltages are referenced 
to ground. 


Nole 3: Power Dissipationtemperature derating - 
plastic "N" package: -12 
mWre 
from 65'C 10 85'C; ceramic "J" package: -12 
mWrC 
from 


l00'C 10125'C. 


Nole 4: For a power supply of 5V ± 10% the worst case output voltages(VOH.and VoLl occur for HC al 4.5V.Thusthe 4.5Vvaluesshouldbe used when 
designingwiththissupply.WorstcaseVIHandVILoccurat Vcc - 5.5Vand4.5Vrespectively.(TheVIHvaluea15.5Vis3.85V.)Theworstcaseleakagecurrent(IIN. 
Ice. and lozl occur for CMOSat the highervoltageandso the 6.0Vvaluesshouldbe used. 


, 


AC Electrical Characteristics 
MM54HC40781 I174HC4078 


Vcc=5V. 
TA=25'C, 
CL =15 
pF, t,.=t,=6 
ns 
. 


Symbol 
Parameter 
Conditions 
Typ 
Guaranteed 
Units 
Limit 


tpHL, tpLH 
Maximum 
Propagation 
14 
22 
ns 


Delay, Y to Output 


tpHL, tpLH 
Maximum 
Propagation 
16 
24 
ns 


Delay. K to Output 


AC Electrical 
Characteristics 
Vcc=2.0V 
to 
6.0V, 
CL =50 
pF, tr=t,=6 
ns 
(unless 
otherwise 
specified) 


TA=25'C 
74HC 
54HC 


Symbol 
Parameter 
Conditions 
Vcc 
TA= 
-40 
to 85'C 
TA= 
-55 
to 125'C 
Units 


Typ 
Guaranteed 
Limits 


tpHL. tpLH 
Maximum 
Propagation 
2.0V 
47 
130 
160 
195 
ns 


Delay, Y to Output 
4.5V 
17 
26 
33 
39 
ns 


6.0V 
14 
22 
28 
33 
ns 


tpHL, tpLH 
Maximum 
Propagation 
2.0V 
50 
140 
175 
210 
ns 


Delay, K to Output 
4.5V 
20 
28 
35 
42 
ns 


6.0V 
17 
24 
30 
36 
ns 


tTLH. tTHL 
Maximum 
Output 
2.0V 
30 
75 
95 
110 
ns 


Rise and Fall 
4.5V 
10 
15 
19 
22 
ns 


Time 
6.0V 
9 
13 
16 
19 
ns 


Cpo 
Power Dissipation 
(per gate) 
100 
pF 


Capacitance 
(Note 5) 


CIN 
Maximum 
Input 
5 
10 
10 
10 
pF 


Capacitance 


Nole 
5: CPO determines the no load dynamic power consumption. Po~Cpo Vee2 l+lee 
Vee, and the no load dynamic current consumplion, 


IS = Cpo Vee l+lee· 


Nole S: ReIer10 section 1 lor Typical MM54174HCAC SwijchingWayeloonsandTest Circuns. 


. 


Jl?'JI National 
~ 
semiconductor 


MM54HC4316/MM74HC4316 
Quad Analog Switch with Level Translator 


General 
Description 


These devices are digitally controlled analog switches im- 
plemented in microCMOSTMTechnology, 3.5 micron silicon 
gate P-well CMOS. These switches have low "on" resist- 
ance 
and 
low 
"off" 
leakages. They are 
bidirectional 


switches, thus any analog input may be used as an output 
and vice-versa. Three supply pins are provided on the '4316 
to implement a level translator which enables this circuit to 
operate with 0-6V logic levels and up to ± 6V analog switch 
levels. The '4316 also has a common enable input in addi- 
tion to each switch's control which when low will disable all 
switches to their off state. All analog inputs and outputs and 
digital inputs are protected from electrostatic damage by 
diodes to Vcc and ground. 


MM54HC4316/MM74HC4316 


54HC4316 
(J) 
74HC4316 
(J,N) 


• 
Typical switch enable time: 20 ns 
• 
Wide analog input voltage range: ±6V 
• 
Low "on" resistance: 50 typo(Vcc-Vee=4.5V) 


30 typo(Vcc-Vee=9V) 


• 
Low quiescent current: 80 p.A maximum (74HC) 


• 
Matched switch characteristics 
• 
Individual switch controls plus a common enable 


Inputs 
Switch 


En 
CTL 
110-011 


H 
X 
"OFF" 


L 
L 
"OFF" 


L 
H 
"ON" 


Absolute 
Maximum Ratings 
(Notes 
1 & 2) 
Operating 
Conditions 


Supply Voltage 
(Vee) 
-0.5 
to +7.5V 
Mln 
Max 
Units 


Supply Voltage 
(VEE) 
+0.5to 
-7.5V 
Supply Voltage(Vccl 
2 
6 
V 


DC Control 
Input Voltage 
(VIN) 
-1.5 
to Vee+1.5V 
Supply Voltage(VEE) 
0 
-6 
V 


DC Switch 
I/O Voltage 
(VIa) 
VEE-0.5 
to Vee+0.5V 
DC Input or Output Voltage 
0 
Vee 
V 


Clamp Diode Current 
(11K, 10K) 
±20mA 
(VIN,VOUT) 


DC Output Current, 
per pin (lOUT) 
±25mA 
Operating 
Temperature 
Range(TAl 
MM74HC 
-40 
+85 
'C 
DC Vee or GND Current, 
per pin (lee) 
±50mA 
MM54HC 
-55 
+125 
'C 
Storage 
Temperature 
Range (TSTG) 
-65'Cto 
+ 150'C 
Input Rise or Fall Times 


Power Dissipation 
(Po) (Note 3) 
500mW 
(tn tf) 
Vee= 
2.0V 
1000 
ns 


Lead Temperature 
(TL.l (Soldering 
10 seconds) 
260'C 
Vcc=4.5V 
500 
ns 


Vcc=6.0V 
400 
ns 


DC Electrical 
Characteristics 
(Note 
4) 


T,,=25'C 
74HC 
54HC 


Symbol 
Parameter 
Conditions 
VEE 
Vcc 
T,,= 
-40 
to 85'C 
T,,= 
-55 
to 125'C 
Units 


Typ 
Guaranteed 
Umlts 


VIH 
Minimum 
High Level 
2.0V 
1.5 
1.5 
1.5 
V 


Input Voltage 
4.5V 
3.15 
3.15 
3.15 
V 


6.0V 
4.2 
4.2 
4.2 
V 


VIL 
Maximum 
Low Level 
2.0V 
0.3 
0.3 
, 
0.3 
V 


Input Voltage 
4.5V 
0.9 
0.9 
0.9 
V 


6.0V 
1.2 
1.2 
1.2 
V 


RON 
Minimum 
"ON" 
Resistance 
VCTL =VIH,ls=·1 
mA 
GND 
4.5V 
100 
{} 


(See Note 5) 
VIS = Vee to GND 
-4.5V 
4.5V 
40 
{} 


(Figure 1) 
-6.0V 
6.0V 
30 
{} 


GND 
2.0V 
200 
{} 


VCTL =VIH,ls=·1 
mA 
GND 
4.5V 
50 
. 
{} 


VIS = Vee or GND 
-4.5V 
4.5V 
20 
{} 


(Figure 1) 
-6.0V 
6.0V 
15 
, 
{} 


RON 
Maximum 
"ON" 
Resistance 
VCTL =VIH 
GND 
4.5V 
10 
{} 


Matching 
VIS = Vee to GND 
-4.5V 
4.5V 
5 
{} 


-6.0V 
6.0V 
5 
{} 


IIN 
Maximum 
Control 
VIN = Vee or GND 
6.0V 
±0.1 
±1.0 
±1.0 
IJoA 


Input Current 


IIZ 
Maximum 
Switch 
"OFF" 
Vos=VeeorGND 
GND 
5.5V 
10 
nA 


Leakage 
Current 
VIS = GND or Vee. 
-6.0V 
6.0V 
10 
nA 


VCTL =VIL 
(Fig 2) 


IIZ 
Maximum 
Switch 
"ON" 
Vos=Vee 
or GND 
GND 
5.5V 
15 
nA 


Leakage 
Current 
VCTL =VIH 
-6.0V 
6.0V 
20 
nA 


(Figure 3) 


Ice 
Maximum 
Quiescent 
VIN=VCC 
or GND 
GND 
6.0V 
2.0 
20 
40 
IJoA 


Supply Current 
IOUT=O 
IJoA 
-6.0V 
6.0V 
8.0 
80 
160 
IJoA 


Not. 
1: Absolute 
Meximum 
Ratings are those values beyond which damage to the device may occur. 


Not. 
2: Unless otherwise 
specified 
all voltages are referenced 
to ground. 


Not. 
3: Power 
Dissipation 
temperature 
derating 
- 
plastic 
"N" 
package: 
-12 
mWrC 
from 
6S'C 
to 85'C; 
ceramic 
"J" 
package: 
-12 
mWrC 
from 
lWC 
to 125'C. 


Not. 
4: For a power supply of 5V ± 10% the worst case on resistances 
(RoN> occurs for HC at4.5V. 
Thus the 4.5V values should be used when designing with 
this supply. Worst case V,H and V,L occur at Vcc=5.5V 
and 4.5V respectively. 
(The V,H value at 5.5V Is 3.85V.) The worst case leakage current occurs for CMOS 
at the higher voltage 
and so the 5.5V values should be used. 


Not. 
5: At supply voltages 
(Vcc-VeeJ 
approaching 
2V the analog switch on resistance 
becomes extremely 
non-linear. Therefore 
It Is recommended 
that these 
devices be used to transmit 
digital only when using these supply voltages. 


- 


AC Electrical Characteristics 


Vcc=2.0V-6.0V. 
VEE=OV-6V 
Cl =50 
pF (unless 
otherwise 
specified) 


TA=25'C 
74HC 
54HC 


Symbol 
Parameter 
Conditions 
VEE 
Vcc 
TA= 
-40 
to 85'C 
TA = -55 
to 125'C 
Units 
Typ 
Guaranteed 
Limits 


tPHl. tplH 
Maximum 
Propagation 
GND 
2.0V 
25 
50 
38 
75 
ns 


Delay Switch 
In to 
GND 
4.5V 
5 
10 
13 
15 
ns 


Out 
-4.5V 
4.5V 
4 
8 
10 
12 
ns 


-B.OV 
6.0V 
3 
7 
9 
10 
ns 


tPZl. tpZH 
Maximum 
Switch Turn 
Rl =1 kO 
GND 
2.0V 
32 
100 
125 
150 
ns 


"ON" 
Delay 
GND 
4.5V 
8 
20 
25 
30 
ns 


-4.5V 
4.5V 
6 
15 
19 
23 
ns 


-B.OV 
6.0V 
5 
14 
18 
21 
ns 


tpHZ. tpLZ 
Maximum 
Switch Turn 
GND 
2.0V 
45 
165 
206 
250 
ns 


"OFF" 
Delay 
GND 
4.5V 
15 
35 
43 
53 
ns 


-4.5V 
4.5V 
10 
30 
37 
45 
ns 


-B.OV 
6.0V 
8 
28 
35 
42 


fMAX 
Minimum 
Switch 
GND 
4.5V 
100 
MHz 


Frequency 
Response 
-4.5V 
4.5V 
120 
MHz 


2OIog(VJ!VO) = 3 dB 


Cross Talk Control 
(Figure 7) 
-4.5V 
4.5V 
180 
mVp.p 


to Switch 


Cross Talk Between 
(Figure.8) 
-4.5V 
4.5V" 
MHz 


Any Two Switches 


(Frequency 
at -50 
dB) 


CIN 
Maximum 
Control 
5 
10 
10 
10 
pF 


Input Capacitance 


CIN 
Maximum 
Switch 
Input 
15 
pF 


Input Capacitance 


CIN 
Maximum 
Feedthrough 
Vell 
=GND 
5 
pF 


Capacitance 


• 
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Typical "ON" Resistance 
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90 
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. 
r-. 
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-4 
-2 
D 
2 
4 


INPUT VOLTAGE (VOLTS) 
Vcc· 
-VEE 


~National 
~ 
semicOnductor 


MM54HC4351/MM74HC4351 
8 Channel Analog Multiplexer with Latches 
MM54HC4352/MM74HC4352 
Dual 4 Channel Analog Multiplexer with Latches 
MM54HC4353/MM74HC4353 
Triple 2 Channel Analog Multiplexer with Latches 


General Description 
These multiplexers are digitally controlled analog switches 
implemented in microCMOSTMTechnology, 3.5 micron sili- 
con gate P-well CMOS. These switches have low "on" re- 
sistance and low "off" 
leakages. They are bidirectional 
switches, thus any analog input may be used as an output 
and vice-versa. Also these switches contain linearization cir- 
cuitry which lowers the "on" 
resistance and increases 


switch linearity. These devices allow control of up to ± 6V 
(peak) analog signals with digital control signals of 0 to 6V. 
The analog channel select lines are latched to enable stor- 
age of the selected channel. This storage register is com- 
posed of flow through latches that follow the data when LE 
is high and latch the data when LE is taken low. 


Three supply pins are prOVidedfor Vcc, Ground, and VEE. 
This enables the connection of 0-5V logic signals when 
Vcc=5V 
and 
an 
analog 
input 
range 
of 
±5V 
when 


VEE= -5V. 
All three devices also have an inhibit control 


which when high will disable all switches to their off state. 
All analog inputs and outputs and digital inputs are protect- 
ed from electrostatic damage by diodes to Vcc and ground. 
MM54HC4351/MMHC4351: This device connects together 
the outputs of 8 switches, thus acheiving an 8 Channel Mul- 
tiplexer. The binary code placed on the A, B, and C select 
lines determine which one of the eight switches in "on", and 
connects one of the eight inputs to the common output. 


MM54HC4352/MM74HC4352: 
This )levice connects to- 


gether the outputs of 4 switches in two sets, thus achieving 


a pair of 4 channel multiplexers. The binary code placed on 
the A, and B select lines determine which switch in each 4 
channel section is "on", connecting one of the four inputs in 
each section to its common output. This enables the imple- 
mentation of a 4 channel differential multiplexer. 
MM54HC4353/MM74HC4353: 
This 
device 
contains 
6 


switches whose outputs are connected together in pairs, 
th-us implementing a triple 2 channel multiplexer, or the 
equivalent of a single-pole-double throw configuration. Each 
of the A, B, or C select lines independently controls one pair 
of switches, selecting one of the two swi1chesto be "on". 


Features 
• 
Typical Switch Enable Time: 18 ns 
• 
Wide analog input voltage range: ± 6V 
• 
Low "on" resistance: 50 typo(VCC-VEE=4.5V) 


30 typo(VCC-VEE=9V) 


• 
Logic level translation to enable 5V logic wi1h ± 5 ana· 
log signals 
• 
Low quiescent current: 80 p.A max. (74HC) 


• 
Matched Switch characteristics. 


• 
Latched Select Unes to enable interface to mUltiplexed 
data buses. 


TLIFIS372-1 
MM54HC4351/MM74HC4351 


54HC4351 (J) 
74HC4351 (J,N) 


TLIFIS372-2 


MM54HC4352/MM74HC4352 


54HC4352 (J) 
74HC4352 (J,N) 


TLIFIS372-3 


MM54HC4353/MM74HC4353 


54HC4353 (J) 
74HC4353 (J,N) 


Absolute 
Maximum Ratings 
(Notes 1 and 2) 
Operating 
Conditions 


Supply Voltage (Vecl 
-0.5to 
+7.5V 
Mln 
Max 
Units 


Supply Voltage (VEE) 
+0.5 to -7.5V 
Supply Voltage(Vecl 
2 
6 
V 


DC Control Input Voltage (VIN) 
-1.5 
to Vce+1.5V 
Supply Voltage(VEE) 
0 
-6 
V 


DC Switch I/O Voltage (VIO) 
VEE-0.5 
to Vce+0.5V 
DC Input or Output Voltage 
0 
Vce 
V 


Clamp Diode Current (11K,loKl 
±20mA 
(VIN,VOUT) 


DC Output Current, per pin (lOUT) 
±25mA 
Operating Temperature 
RangelT A> 
MM74HC 
-40 
+85 
'C 
DC Vce or GND Current, per pin (Ice) 
±50mA 
MM54HC 
-55 
+125 
'C 
Storage Temperature 
Range ITSTG) 
-65'Cto 
+150'C 
Input Rise or Fall Times 
Power Dissipation (Po) (Note 3) 
500mW 
(tr,td 
Vce=2.0V 
1000 
ns 


Lead Temperature 
ITu (Soldering 10 seconds) 
260'C 
Vee=4.5V 
500 
ns 
Vee=6.0V 
400 
ns 


DC Electrical Characteristics 
(Note 4) 
. 


T=25'C 
74HC 
54HC 


Symbol 
Parameter 
Conditions 
VEE 
Vcc 
T= -40 
to 85'C 
T= -55 
to 125'C 
Units 
Typ 
Guaranteed 
Limits 


VIH 
Minimum High Level 
2.0V 
1.5 
1.5 
1.5 
V 
Input Voltage 
4.5V 
3.15 
3.15 
3.15 
V 
6.0V 
4.2 
4.2 
4.2 
V 


VIL 
Maximum Low Level 
. 


2.0V 
0.3 
0.3 
0.3 
V 
Input Voltage 
4.5V 
0.9 
0.9 
0.9 
V 
6.0V 
1.2 
1.2 
1.2 
V 


RON 
Maximum "ON" Resistance 
VeTL =VIH,ls=.1 
mA 
GND 
4.5V 
40 
n 
(See Note 5) 
Vls=Veeto 
GND 
-4.5V 
4.5V 
30 
n 
(Figure 1) 
-6.0V 
6.0 
20 
n 


GND 
2.0V 
100 
n 
VeTL =VIH,ls=.1 
mA 
GND 
4.5V 
40 
n 
Vls=VceorGND 
-4.5V 
4.5V 
20 
n 
(Figure 1) 
-6.0V 
6.0V 
15 
n 


RON 
Maximum "ON" Resistance 
VeTL =VIH 
GND 
4.5V 
10 
n 
Matching 
VIS= Vce to GND 
-4.5V 
4.5V 
5 
n 
-6.0V 
6.0V 
5 
n 


IIN 
Maximum Control 
VIN=Vce 
or GND 
6.0V 
±0.1 
±1.0 
±1.0 
IJ-A 
Input Current 


IIZ 
Maximum Switch "OFF" 
VOS= Vce or GND 
GND 
6.0V 
15 
- 
nA 
Leakage Current 
Vls=GNDorVce 
-6.0V 
6.0V 
20 
nA 
VeTL =VIL (Fig. 2) 


IIZ 
Maximum Switch "ON" 
VOS= Vce or GND 
GND 
6.0V 
15 
nA 
Leakage Current 
VeTL = VIH 
-6.0V 
6.0V 
20 
nA 
(Figure 3) 


Ice 
Maximum Quiescent 
VIN= Vee or GND 
GND 
6.0V 
8.0 
80 
160 
IJ-A 
Supply Current 
IOUT=OIJ-A 
-6.0V 
6.0V 
16 
160 
320 
IJ-A 


Not. 1: AbsoluteMaximumRetingserethosevaluesbeyondwhichdamageto thedevicemayoccur. 
Not. 2: Unlessotherwisespecifiedallvoltagesarereferencedto ground. 
Not. 3: PowerDissipationtemperaturederating- 
plastic"N" package:-12 mWrC from 65'C to 85'C; ceramic"J" packege:-12 mWrC from 


l00'C to 125'C. 
Not.4: Fora powersupplyof5V ±10% theworstcaseonresistances(RON)occursfor HCat 4.5V.Thusthe4.5Vvaluesshouldbeusedwhendesigningwtth 
thissupply.WorstcaseVIHandVILoccuratVcc=5.5V and4.5Vrespectively.(TheVIHvalueat5.5VIs3.85V.)TheworstcaseleakagecurrentoccurforCMOS 
at thehighervoltageandsothe5.5Vvaluesshouldbeused. 
Not. 5: At supplyvoltages(Vcc,Vee)approaching2Vtheanalogswitchonresistancebecomesextremelynon-linear.Thereforeit Isrecommendedthetthese 
devicesbeusedto transmttdigttalonlywhenusingthesesupplyvoltages. 


AC Electrical 
Characteristics 


Vcc=2.0V-6.0V, 
VEE=OV 
to -6V, 
CL =50 
pF, (unless 
otherwise 
specified) 


TA=25'C 
74HC 
54HC 


Symbol 
Parameter 
Conditions 
VEE 
Vcc 
TA= 
-40 
to 85'C 
TA = -55 
to 125'C 
Units 


Typ 
Guaranteed 
Limits 


tpHL, tpLH 
Maximum 
Propagation 
GND 
2.0V 
25 
ns 


Delay Switch 
In to 
GND 
4.5V 
5 
ns 


Out 
-4.5V 
4.5V 
4 
ns 


-6.0V 
6.0V 
3 
ns 


tpZL, tpZH 
Maximum 
Switch Turn 
RL =1 kO 
GND 
2.0V 
92 
ns 


"ON" 
Delay 
GND 
4.5V 
18 
- 
ns 


-4.5V 
4.5V 
16 
ns 


-6.0V 
6.0V 
15 
ns 


tpHZ, tpLZ 
Maximum 
Switch Turn 
GND 
2.0V 
65 
ns 


"OFF" 
Delay 
GND 
4.5V 
20 
ns 


-4.5V 
4.5V 
18 
ns 


-6.0V 
6.0V 
16 


Is 
Maximum 
Setup Time, 
2.0V 
100 
125 
150 
ns 


Data to LE 
4.5V 
20 
24 
28 
ns 


6.0V 
17 
21 
24 
ns 


tH 
Maximum 
Hold Time, 
2.0V 
0 
0 
0 
ns 


LEtoData 
4.5V 
0 
0 
0 
ns 


6.0V 
0 
0 
0 
ns 


fMAX 
Minimum 
Switch 
(Figure 6) 
GND 
4.5V 
100 
MHz 


Frequency 
Response 
-4.5V 
4.5V 
120 
MHz 


201og(VIIVO)= 
-3 
dB 


Cross Talk Control 
(Figure 7) 
-4.5V 
4.5V 
180 
mVpp 


to Switch 
I 


Cross Talk Between 
(Figure 8) 
-4.5V 
4.5V 
MHz 


Any Two Switches 


(Frequency 
at -50 
dB) 


CIN 
Maximum 
Control 
5 
10 
10 
10 
pF 


Input Capacitance 


CIN 
Maximum 
Switch 
Input 
15 
pF 


Input Capacitance 
'4351 Common 
90 
, 


'4352 Common 
45 


'4353 Common 
30 


CIN 
Maximum 
Feedthrough 
5 
pF 


Capacitance 
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TL/F/5372-14 


~National 
~ 
semiconductor 


MM54HC4511/MM74HC4511 
BCD-to-Seven 
Segment Latch/Decoder/Driver 


General Description 


This high speed latch/decoder/driver 
utilizes microCMOSTM 
Technology, 
3.5 micron 
silicon 
gate P-well CMOS. 
It has the 


high 
noise 
immunity 
and 
low power 
consumption 
of stan- 
dard CMOS 
integrated 
circuits, 
as well as the ability to drive 


10 LS-TIL 
loads. The circuit provides 
the functions 
of a 4-bit 


storage 
latch, an 8421 BCD-to-seven 
segment 
decoder, 
and 


an output 
drive capability. 
Lamp test (LT), blanking 
(Bl), and 


latch enable 
(LE) inputs are used to test the display, 
to turn- 


off or pulse 
modulate 
the brightness 
of the display, 
and to 


store a BCD code, 
respectively. 
It can be used with seven- 


segment 
light emitting 
diodes 
(LED), incandescent, 
fluores- 


cent, gas discharge, 
or liquid crystal 
readouts 
either directly 


or indirectly. 


Applications 
include 
instrument 
(e.g., 
counter, 
DVM, 
etc.) 
display 
driver, 
computer/calculator 
display 
driver, 
cockpit 


display 
driver, 
and various 
clock, 
watch, 
and timer 
uses. 


The 54HC174HC 
logic family 
is speed, 
function, 
and pinput 


compatible 
with 
the 
standard 
54LS174LS 
logic 
family. 
All 
inputs are protected 
from damage 
due to static discharge 
by 


internal 
diode clamps 
to Vcc 
and ground. 


Features 


• 
Latch 
Storage 
of Input Data 


• 
Blanking 
Input 


• 
Lamp Test 
Input 
• 
Low 
Power 
Consumption 
Characteristics 
of CMOS 
De- 


vices 


• 
Wide 
Operating 
Voltage 
Range: 
2 to 6 Volts 


• 
Low Input Current: 
1 p.A Maximum 


• 
Low 
Quiescent 
Current: 
80 
p.A 
Maximum 
Over 
Full 


Temperature 
Range 
(74 series) 


MM54HC4511 
/MM7 4HC4511 


54HC4511 
(J) 
74HC4511 
(J,N) 


INPUTS 
OUTPUTS 


LE 
81 [f 
D 
C 
8 
A • 
b 
c 
d • 
f 
g 
DISPLAY 


x 
x 
0 
x 
x 
x 
x 
1 
1 
1 
1 
1 
1 
1 
8 


x 
0 
1 
x 
x 
x 
x 
0 
0 
0 
0 
0 
0 
0 
0 
1 
1 
'0 
0 
0 
0 
1 
1 
1 
1 
1 
1 
0 
0 


0 
1 
1 
0 
0 
0 
1 
0 
1 
1 
0 
0 
0 
0 
1 


0 
1 
1 
0 
0 
1 
0 
1 
1 
0 
1 
1 
0 
1 
2 


0 
1 
1 
0 
0 
1 
1 
1 
1 
1 
1 
0 
0 
1 
3 


0 
1 
1 
0 
1 
0 
0 
0 
1 
1 
0 
0 
1 
1 
4 


0 
1 
1 
0 
1 
0 
1 
1 
0 
1 
1 
0 
1 
1 
5 


0 
1 
1 
0 
1 
1 
0 
0 
0 
1 
1 
1 
1 
1 
8 


0 
1 
1 
0 
1 
1 
1 
1 
1 
1 
0 
0 
0 
0 
7 


0 
1 
1 
1 
0 
0 
0 
1 
1 
1 
1 
1 
1 
1 
8 


0 
1 
1 
1 
0 
0 
1 
1 
1 
1 
0 
0 
1 
1 
9 


0 
1 
1 
1 
0 
1 
0 
0 
0 
0 
0 
0 
0 
0 


0 
1 
1 
1 
0 
1 
1 
0 
0 
0 
0 
0 
0 
0 


0 
1 
1 
1 
1 
0 
0 
0 
0 
0 
0 
0 
0 
0 


0 
1 
1 
1 
1 
0 
1 
0 
0 
0 
0 
0 
0 
0 


0 
1 
1 
1 
1 
1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1 
1 
1 
1 
1 
1 
0 
0 
0 
0 
0 
0 
0 


1 
1 
1 
x 
x 
x 
x 
. 


x =: Don't care 


• 
a: Oepends 
upon the BCD code applied dUring the 0 to 1 transition of LE. 


Absolute 
Maximum Ratings 
(Notes 
1 and 
2) 
Operating 
Conditions 


Supply Voltage 
(Vecl 
-0.5to 
+7.0V 
Min 
Max 
Units 


DC Input Voltage 
(VIN) 
-1.5 
to Vee+1.5V 
Supply Voltage(Vcc) 
2 
6 
V 


DC Output Voltage 
(Vour) 
-0.5 
to Vee+0.5V 
DC Input or Output Voltage 
0 
Vee 
V 


Clamp Diode Current 
(11K, 10K) 
±20 
mA 
(VIN,Vour) 


DC Output Current, 
per pin (lour) 
±25 
mA 
Operating 
Temperature 
Range(T A) 
MM74HC 
-40 
+85 
·C 
DC Vee or GND Current, 
per pin (Ieel 
±50mA 
MM54HC 
-55 
+125 
·C 
Storage 
Temperature 
Range (TsrG) 
-65·Cto 
+150·C 
Input Rise or Fall Times 
Power Dissipation 
(PD) (Note 3) 
500mW 
(tr,t,) 
Vee=2.0V 
1000 
ns 


Lead Temperature 
(T Ll (Soldering 
10 seconds) 
260·C 
Vee=4.5V 
500 
ns 
Vee=6.0V 
400 
ns 


DC Electrical 
Characteristics 
(Note 
4) 


TA=25·C 
74HC 
54HC 


Symbol 
Parameter 
Conditions 
Vcc 
TA= 
-40 
to 85·C 
TA = -55 
to 125·C 
Units 
Typ 
Guaranteed 
Limits 


VIH 
Minimum 
High Level 
2.0V 
1.5 
1.5 
1.5 
V 


Input Voltage 
4.5V 
3.15 
3.15 
3.15 
V 


6.0V 
4.2 
4.2 
4.2 
V 


VIL 
Maximum 
Low Level 
2.0V 
0.3 
0.3 
0.3 
V 


Input Voltage 
4.5V 
0.9 
0.9 
0.9 
V 


6.0V 
1.2 
1.2 
1.2 
V 


VOH 
Minimum 
High Level 
VIN = VIH or VIL 
Output Voltage 
Iiourl 
~20 
/LA 
2.0V 
2.0 
1.9 
1.9 
1.9 
V 


4.5V 
4.5 
4.4 
4.4 
4.4 
V 


6.0V 
6.0 
5.9 
5.9 
5.9 
V 


VIN = VIH or VIL 


Iiourl 
~7.5 
mA 
4.5V 
4.2 
3.98 
3.84 
3.7 
V 


liourl~9.75 
mA 
6.0V 
5.7 
5.48 
5.34 
5.2 
V 


VOL 
Maximum 
Low Level 
VIN = VIH or VIL 
Output 
V~ltage 
liourl 
~20 
/LA 
2.0V 
0 
0.1 
0.1 
0.1 
V 


4.5V 
0 
0.1 
0.1 
0.1 
V 


6.0V 
0 
0.1 
0.1 
0.1 
V 


VIN=VIHorVIL 


liourl 
~4.0 
mA 
4.5V 
0.2 
0.26 
0.33 
0.4 
V 


Ilourl~5.2 
mA 
6.0V 
0.2 
0.26 
0.33 
0.4 
V 


IIN 
Maximum 
Input 
VIN=VeeorGND 
6.0V 
±0.1 
±1.0 
±1.0 
/LA 
Current 


Ice 
Maximum 
Quiescent 
VIN=VeeorGND 
6.0V 
8.0 
80 
160 
/LA 
Supply Current 
lour=O 
/LA 


Note 
1: Absolute 
Maximum 
Ratings are those values beyond which damage 
to the device may occur. 


Note 
2: Unless otherwise 
specified all voltages 
are referenced 
to ground. 


Note 
3: Power Dissipation temperature 
derating - 
plastic "N" 
package: 
-12 
mwrc 
from 65°C 
to 85°C; ceramic 
"J" 
package: 
-12 
mWre 
from 
100·C to 125°C. 


Note 
4: For a power 
supply of 5V ± 10% 
the worst case output voltages 
(VOH. and Vou 
occur for He at 4.5V. 
Thus the 4.5V values 
should be used when 
designing with this supply. Worst case V1Hand VIL occur at Vee=5.5V 
and 4.5V respectively. 
{The V1Hvalue at 5.5V is 3.85V.} 
The worst case leakage 
current (IIN. 
Ice. and loz) occur for CMOS 
at the higher voltage and so the 6.0V values should be used. 
. 
. 


~ 
in 
AC Electrical 
Characteristics 
Vcc=5V. 
TA=25"C. 
CL =15 
pF, tr=tf=6 
ns 
"'lito 
:I: 
"'lit 
••••• 
:liE 
:liE 
........ 
~~ 
1.1) 
"'lito:I: 
"'lit 
1.1) 
:liE 
:liE 


Parameter 
Conditions 
Typ 
Guaranteed 
Units 
Symbol 
Limit 


tpHL, tpLH 
Maximum 
Propagation 
60 
120 
ns 


Delay From Inputs A thru D to any Output 


tPHL, tpLH 
Maximum 
Propagation 
60 
120 
ns 


Delay From Bi to any Output 


tpHL. tpLH 
Maximum 
Propagation 
60 
120 
ns 


Delay From LT to any Output 


ts 
Minimum 
Set Up Time 
10 
20 
ns 


Inputs A thru D to LE 


tH 
Minimum 
Hold Time 
-3 
0 
ns 


Inputs A thru D to LE 


tw 
Minimum 
Pulse Width 
16 
ns 


forLE 


TA=25"C 
74HC 
54HC 


Symbol 
Parameter 
Conditions 
Vcc 
TA=-40t085"C 
TA = -55 
to 125"C 
Units 
Typ 
Guaranteed 
limits 


tpHL. tpLH 
Maximum 
Propagation 
LE=OV 
2.0V 
300 
600 
756 
894 
ns 


Delay from Inputs 
LT=Vcc 
4.5V 
60 
120 
151 
179 
ns 


A thru D to any Output 
Bi=vcc 
6.0V 
51 
102 
129 
152 
ns 


tpHL. tpLH 
Maximum 
Propagation 
LT=VCC 
2.0V 
300 
600 
756 
894 
ns 


Delay from Bi to 
4.5V 
60 
120 
151 
179 
ns 


any Output 
6.0V 
51 
102 
129 
152 
ns 


tpHL, tpLH 
Maximum 
Propagation 
Bi=ov 
2.0V 
300 
600 
756 
894 
ns 


Delay from LT to 
4.5V 
60 
120 
151 
179 
ns 


any Output 
6.0V 
51 
102 
129 
152 
ns 


ts 
Minimum 
Set Up Time 
2.0V 
100 
126 
149 
ns 


Inputs A thru D to LE 
4.5V 
20 
25 
30 
ns 


6.0V 
17 
21 
25 
ns 


tH 
Minimum 
Hold Time 
2.0V 
0 
0 
0 
ns 


Inputs A thru D to LE 
4.5V 
0 
0 
0 
ns 


6.0V 
0 
0 
0 
ns 


tw 
Minimum 
Pulse Width 
2.0V 
80 
100 
120 
ns 


for LE 
4.5V 
16 
20 
24 
ns 


6.0V 
14 
17 
20 
ns 


tr,tf 
Maximum 
Input Rise and 
2.0V 
1000 
1000 
1000 
ns 


Fall Time 
4.5V 
500 
500 
500 
ns 


6.0V 
400 
400 
400 
ns 


CPD 
Power Dissipation 
pF 
Capacitance 
(Note 5) 


CIN 
Maximum 
Input 
5 
10 
10 
10 
pF 


Capacitance 


Note 
5: CPO determines the no load dynamic power consumption, PO=CPD vcc2 
t+tcc 
Vcc. 
and the no load dynamic current consumption, 


IS~CPD VCCf+lcc· 


Note 
6: Refer to Section 1 for Typicai MM54174HC 
AC Switching Waveforms 
and Test Circuits. 


INPUTS 


A, B, C, 0 (Pins 
7, 1, 2, 6}-BCD 
data inputs. A (pin 7) is the 


least-significant 
data bit and 0 (pin 6) is the most significant 
bit. Hexadecimal 
data 
A-F 
at these 
inputs 
will cause 
the 
outputs 
to assume 
a logic low, offering 
an alternate 
method 
of blanking 
the display. 


OUTPUTS 


a-g-Decoded, 
buffered 
outputs. 
These 
outputs, 
unlike the 


4511, have CMOS 
drivers, 
which 
will produce 
typical 
CMOS 
output 
voltage 
levels. 


-25 
~ 
~ -20 


a -15 
w 
<.> 
'"~ -10 
~ 
'" 
-5 
~ 
o 


5 
4 
3 
2 
1 


Va-OUTPUT 
VOLTAGE (VI 


TL/F/5373-2 


·The expected 
minimum curves are not guarantees, 
but are design aids. 


Tl/F/5373-4 
Typical 
Common 
Cathode 
LED Connection 


CONTROLS 
Bi (Pin 4}-Active-low 
display 
blanking 
input. A logic low on 


this 
input 
will cause 
all outputs 
to be held 
at a logic 
low, 


thereby 
blanking 
the 
display. 
LT is the only 
input 
that 
will 
override 
the BI input. 


LT (Pin 
3}-Active-low 
lamp test. 
A low logic 
level on this 
input causes 
all outputs 
to assume 
a logic high. This input 


allows 
the 
user 
to test 
all segments 
of a display, 
with 
a 
single 
control 
input. 
This 
input 
is independent 
of all other 
inputs. 


LE (Pin 5}-Latch 
enable 
input. This input controls 
the 4-bit 
transparent 
latch. A logic high on this input latches 
the data 


present 
at the A, B, C and 0 inputs; 
a logic low allows 
the 


data to be transmitted 
through 
the latch to the decoder. 


25 
<" 
.§. 
20i 
a 
15 


""zu; 
10 
•.. 


~. 
'"c1, 


0 
0 
1 
2 
3 
4 


Va-OUTPUT 
VOLTAGE (V) 


Tl/F/5373-3 


TL/F/5373-5 


Incandescent 
Bulb Driving 
Circuit 


.•.. 
.•.. 
Logic Diagram 
it) 
~0 
'HC4511 
J: 
~ 
iii 
IT 
••••• 


LE 
:E 
, 
:E 
....•...•.. 
.•.. 
it) 
~0 
1'" 
• 
J: 
~it) 
LE 
:E 
:E 


121) 
B 


IE 


~National 
~ 
semiconductor 


MM54HC4514/MM74HC4514 
4-to-16 Line Decoder with Latch 


General 
Description 


This 
utilizes 
microCM05TM 
Technology, 
3.5 micron 
silicon 
gate P-well CM05 
decoder, 
which 
is well suited 
to memory 
address 
decoding 
or data routing 
application. 
It possesses 


high noise immunity 
and low power dissipation 
usually asso- 


ciated 
with 
CM05 
circuitry, 
yet speeds 
comparable 
to low 


power 
5chottky 
TIL 
circuits. 
It can drive 
up to 10 L5-TIL 


loads. 


The MM54HC4514/MM74HC4514 
contain 
a 4-to-16 
line de- 


coder 
and a 4-bit latch. The latch can store the data on the 


select 
inputs, thus allowing 
a selected 
output 
to remain 
high 


even though 
the select data has changed. 
When the LATCH 
ENABLE 
input to the latches 
is high the ou1puts will change 


with the inputs. 
When 
LATCH 
ENABLE 
goes 
low the data 


on the select 
inputs 
is. stored 
in the latches. 
The four select 


inputs 
determine 
which 
output 
will 
go 
high 
provided 
the 


INHIBIT 
input is low. If the INHIBIT 
input is high all outputs 


are held low thus disabling 
the decoder. 


The MM54HC4514/MM74HC4514 
is functionally 
and pinout 


equivalent 
to 
the 
CD4514BM/CD4514BC 
and 
the 
MC1451 BAlMC1451 
BC. 
All 
inputs 
are 
protected 
against 


damage 
due 
to 
static 
discharge 
diodes 
from 
Vcc 
and 
ground. 


Features 


• 
Typical 
propagation 
delay: 
18 ns 


• 
Low quiescent 
power: 
80 ,..A maximum 
(74HC 
series) 


• 
Low input current: 
1 ,..A maximum 


• 
Fanout 
of 10 L5-TIL 
loads 
(74HC 
series) 


INPUTS 


Voo 
'INHIBIT 
IN D 
IN C\ 
'SID 
SII 
58 


Data Inputs 


Selected 


Output 
LE 
Inhibit 
0 
C 
B 
A 
High 


H 
L 
L 
L 
L 
L 
50 


H 
L 
L 
L 
L 
H 
51 


H 
L 
L 
L 
H 
L 
52 


H 
L 
L 
L 
H 
H 
53 


H 
L 
L 
H 
L 
L 
54 


H 
L 
L 
H 
L 
H 
55 


H 
L 
L 
H 
H 
L 
56 


H 
L 
L 
H 
H 
H 
57 


H 
L 
H 
L 
It 
L 
58 


H 
L 
H 
L 
L 
H 
59 


H 
L 
H 
L 
H 
L 
510 


H 
L 
H 
L 
H 
H 
511 


H 
L 
H 
H 
L 
L 
512 


H 
L 
H 
H 
L 
H 
513 


H 
L 
H 
H 
H 
L 
514 


H 
L 
H 
H 
H 
H 
515 


All 


X 
H 
X 
X 
X 
X 
Outputs =0 


Latched 


L 
L 
X 
X 
·X 
X 
Data 


OUTPUTS 


S9 
S14 
S15 
S12 
S13 \ 


STROBE 
IN A 
IN B 
S7'---------..--------' 
INPUTS 


MM54HC4514/MM74HC4514 


54HC4514 
(J) 
74HC4514 
(J,N) 


.91 


Absolute Maximum Ratings (Notes 
1 and 
2) 
Operating Conditions 


Supply Voltage 
(Veel 
-0.5 
to + 7.0V 
Mln 
Max 
Units 


DC Input Voltage 
(VIN) 
-1.5 
to Vee+1.5V 
Supply Voltage(Vee) 
2 
6 
V 


DC Output Voltage 
(Vour) 
-0.5 
to Vee+0.5V 
DC Input or Output Voltage 
0 
Vee 
V 


Clamp Diode Current 
(11K, 10K) 
±20mA 
(VIN,VOur) 


DC Output 
Current, 
per pin (lour) 
±25mA 
Operating 
Temperature 
Range(T A) 
MM74HC 
-40 
+85 
'C 
DC Vee or GND Current, 
per pin (Ieel 
±50 
mA 
MM54HC 
-55 
+125 
'C 
Storage 
Temperature 
Range (T8m) 
- 65·C to + 150'C 
Input Rise or Fall Times 
Power Dissipation 
(PD) (Note 3) 
500 mW 
(t"tf) 
Vee=2.0V 
1000 
ns 


Lead Temperature 
(T Ll (Soldering 
10 seconds) 
260·C 
Vee=4.5V 
500 
ns 
Vee=6.0V 
400 
ns . 


DC Electrical Characteristics 
(Note 
4) 


TA=25·C 
74HC 
54HC 


Symbol 
Parameter 
Conditions 
Vcc 
TA=-40t085·C 
TA= 
-55 
to 125'C 
Units 
Typ 
Guaranteed 
Limits 


VIH 
Minimum 
High Level Input 
2.0V 
1.5 
1.5 
1.5 
V 


Voltage 
4.5V 
3.15 
3.15 
3.15 
V 


6.0V 
4.2 
4.2 
4.2 
V 


VIL 
Maximum 
Low Level Input 
2.0V 
0.3 
0.3 
0.3 
V 


Voltage 
4.5V 
0.9 
0.9 
0.9 
V 


I 
6.0V 
1.2 
1.2 
1.2 
V 


VOH 
Minimum 
High Level Output 
VIN = VIH or VIL 
Voltage 
Ilourl,:;20 
)JoA 
2.0V 
2.0 
1.9 
1.9 
1.9 
V 


4.5V 
4.5 
4.4 
4.4 
4.4 
V 


6.0V 
6.0 
5.9 
5.9 
5.9 
V 


VIN = VIH or VIL 


Ilourl':;4.0 
mA 
4.5V 
4.2 
3.98 
3.84 
3.7 
V 


Ilourl':;5.2 
mA 
6.0V 
5.7 
5.48 
5.34 
5.2 
V 


VOL 
Maximum 
Low Level Output 
VIN = VIH or VIL 
Voltage 
liour!':;20 
)JoA 
2.0V 
0 
0.1 
0.1 
0.1 
V 


4.5V 
0 
0.1 
0.1 
0.1 
V 


6.0V 
0 
0.1 
0.1 
0.1 
V 


VIN = VIH or VIL 


!Iourl 
':;4.0 mA 
4.5V 
0.2 
0.26 
0.33 
0.4 
V 


!lourl':;5.2 
mA 
6.0V 
0.2 
0.26 
0.33 
0.4 
V 


IIN 
Maximum 
Input Current 
VIN=Vee 
or GND 
6.0V 
±0.1 
±1.0 
±1.0 
)JoA 


Ice 
Maximum 
Quiescent 
Supply 
VIN =/Vee 
or GND 
6.0V 
8.0 
80 
160 
)JoA 


Current 
lour=O 
)JoA 


Note 
1: Maximum 
Ratings are those values beyond which damage to the device may occur. 


Note 2: Unless otherwise 
specified all voltages are referenced 
to ground. 


Note 
3: Power 
Dissipation 
temperature 
derating 
- 
plastic 
"N" 
package: 
-12 
mwrc 
from 
65°C to 85°C; 
ceramic 
"J" 
package: 
-12 
mWrC 
from 
100·C to 125'C. 
, 


Not84: 
For a power supply of 5V ± 10% the worst case output voltages 
(VOH, and VOU occur for He at 4.5V. Thus the 4.5V values should be used when 
designing with this supply. Worst case VIH and VIL occur at Vcc= 
5.5V and 4.5V respectively. 
(The VIH value at 5.5V is 3.85V.) The worst case leakage current (lIN' 
Ice, and 'OZ) occur for CMOS at the higher voltage and so the 6.0V values should be used. 


AC Electrical Characteristics 
Vcc=5V, 
TA=25°C, 
CL =15 
pF, 
tr=tf=6 
ns 


Symbol 
Parameter 
Conditions 
Typ 
Guaranteed 
Units 
Limit 


tpHL 
Maximum 
Propagation 
Delay Data to Output 
18 
30 
ns 


tpLH 
Maximum 
Propagation 
Delay Data to Output 
24 
45 
ns 


tpHL 
Maximum 
Propagation 
Delay LE to Output 
18 
30 
ns 


tpLH 
Maximum 
Propagation 
Delay LE to Output 
24 
45 
ns 


tpHL 
Maximum 
Propagation 
Delay Inhibit to Output 
16 
30 
ns 


tpLH 
Maximum 
Propagation 
Delay Inhibit to Output 
18 
30 
ns 


ts 
Minimum 
Set Up Time, Date to LE 
20 
ns 


tH 
Minimum 
Hold Time, LE to Data 
0 
ns 


tH 
Minimum 
Pulse Width, 
Latch Enable 
16 
ns 


AC Electrical Characteristics 
Vcc= 
2.0V-6.0V, 
CL =50 
pF, 
t,.=tf=6 
ns (unless 
otherwise 
specified) 


TA=25°C 
74HC 
54HC 


Symbol 
Parameter 
Conditions 
Vcc 
TA = -40 
to 85°C 
TA = -55 
to 125°C 
Units 
Typ 
Guaranteed 
Limits 


tpHL 
Maximum 
Propagation 
2.0V 
80 
175 
220 
263 
ns 


Delay Data to Output 
4.5V 
18 
35 
44 
53 
ns 


6.0V 
16 
30 
38 
45 
ns 


tpLH 
Maximum 
Propagation 
2.0V 
120 
250 
312 
375 
ns 


Delay Data to Output 
4.5V 
27 
50 
65 
75 
ns 


6.0V 
22 
43 
53 
65 
ns 


tpHL 
Maximum 
Propagation 
2.0V 
80 
175 
220 
263 
ns 


Delay LE to Output 
4.5V, 
19 
35 
44 
53 
ns 


6.0V 
17 
30 
38 
45 
ns 


tpLH 
Maximum 
Propagation 
2.0V 
120 
250 
312 
375 
ns 


Delay LE to Output 
4.5V 
27 
50 
65 
75 
ns 


, 
6.0V 
22 
43 
53 
65 
ns 


tpHL 
Maximum 
Propagation 
2.0V 
70 
175 
220 
263 
ns 
Delay Inhibit to Output 
4.5V 
18 
35 
44 
53 
ns 
6,OV 
16 
30 
38 
45 
ns 


tpLH 
Maximum 
Propagation 
2.0V 
80 
175 
220 
263 
ns 


Delay Inhibit to Output 
4,5V 
19 
35 
44 
53 
ns 
6.0V 
17 
30 
38 
45 
ns 


Is 
Minimum 
Set Up Time, 
2.0V 
100 
125 
150 
ns 


DatatoLE 
4.5V 
20 
25 
30 
ns 
6.0V 
17 
21 
25 
ns 


tH 
Minimum 
Hold Time, 
2.0V 
0 
0 
0 
ns 
LE to Data 
4.5V 
0 
0 
0 
ns 
6,OV 
0 
0 
0 
ns 


tw 
Minimum 
Pulse Width, 
2.0V 
80 
100 
120 
ns 
Latch Enable 
4.5V 
16 
20 
24 
ns 
6.0V 
14 
17 
20 
ns 


CPO 
Power Dissipation 
pF 
Capacitance 


CIN 
Maximum 
Input 
5 
10 
10 
10 
pF 
Capacitance 


Note 
5: CPO determines 
the 
no load dynamic 
power consumption, 
Po=Cpo 
Vcc2 
1+lcc 
Vcc. 
and the 
no load dynamic 
current 
consumption, 


Is=CPD 
VCC f+lcc· 


Note 
6: Refer to Section 1 for Typical MM54/74HC 
AC Switching Waveforms 
and Test Circuits. 
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D I.S12 
ENABLE 


Alc 
D 13 
S13 
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MM54HC4538/MM74HC4538 
Dual 
Retriggerable 
Monostable Multivibrator 


General 
Description 
The MM54HC4538/MM74HC4538 high speed monostable 
multivibrators 
(one 
shots) 
are' implemented 
in 
micro- 


CMOSTMTechnology, 3.5 micron silicon gate P-well CMOS. 
They feature speeds comparable to low power Schottky 
TIL circuitry while retaining the low power and high noise 
immunity characteristic of CMOS circuits. 


Each multivibrator features both a negative, A, and a posi- 
tive, B, transition triggered input, either of which can be 
used as an inhibit input. Also included is a clear input that 
when taken low resets the one shot. The 'HC4538 is re- 
triggerable. That is, it may be triggered repeatedly while 
their outputs are generating a pulse and the pulse will be 
extended. 


Pulse width stability over a wide range of temperature and 
supply is achieved using linear CMOS techniques. The out- 


Connection 
Diagram 


Ai 
Be 
Oa 
~ 


Voo 
Tl B 
T28 
COB 
INPUT 
INPUT 
OUT 
OUT 


CoA 
AA 
BA 
O. 
INPUT 
INPUT 
OUT 


TOP VIEW 


MM54HC4538/MM74HC4538 


54HC4538 (J) 
74HC4538 (J,N) 


Inputs 
Outputs 


Clear 
A 
B 
Q 
a 


L 
x 
X 
L 
H 


X 
H 
X 
L 
H 


X 
X 
L 
L 
H 


H 
L 
J. 
J1. 
LI 


H 
l' 
H 
J1. 
LI 


H = High Level 
L = Low Level 
t = Transistion 
from Low to High 


J,. = Transistion 
from H~h to Low 


J1. 
- 
One High Level Pulse 


"1.r 
= One Low Level Pulse 


X = Irrelevant 


put pulse equation is simply: PW=0.7(R) (C) where PW is in 
seconds, R is in Ohms, and C is in Farads. This device is pin 
compatible with the CD4528. and the CD4538 one shots. All 
inputs are protected from damage due to static discharge by 
diodes to Vcc and ground. 


Features 
• 
Schmitt trigger on A and B inputs 
• 
Wide power supply range: 2-6V 
• 
Typical Trigger Propagation Delay: 32 ns 
• 
Fanout of 10 LS-TIL loads (74HC) 
• 
Low Input current: 1 IJ-Amax 


Cx 
RX 


VDD 


14 


10 - 


12 


11 
9 
CD 


13 


Rx AND 
CX ARE EXTERNAL 
COMPONENTS 
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Absolute Maximum Ratings 
(Notes 
1 and 
2) 
Operating Conditions 


Supply Voltage(Vee) 
-0.5 
to +7.0V 
Mln 
Max 
Units 


DC Input Voltage(VIN) 
-1.5toVcc+1.5V 
Supply Voltage(Vecl 
2 
6 
V 


DC Output 
Voltage(VOUT) 
-0.5 
to Vcc+0.5V 
DC Input or Output 
Voltage 
0 
Vee 
V 


Clamp Diode Current(IIK. 
10K) 
±20mA 
(VIN.VOUT) 


DC Output Current. 
per pin(IOUT) 
±25mA 
Operating 
Temperature 
Range(T Al 


DC Vee or GND Current. 
per pin(lecl 
±50mA 
MM74HC 
-40 
+85 
'C 
MM54HC 
-55 
+125 
'C 
Storage 
Temperature 
Range(T 8TG) 
-65'Cto 
+150'C 
Input Rise or Fall Times (Reset only) 
Power Dissipation(Po) 
(Note 3) 
500mW 
(tr.t,) 
Vcc=2.0V 
1000 
ns 
Lead Temperature(T 
Ll (Soldering 
10 seconds) 
260'C 
Vcc=4.5V 
500 
ns 
Vcc=6.0V 
400 
ns 


DC Electrical Characteristics 
(Note 4) 


TA=25'C 
74HC 
54HC 


Symbol 
Parameter 
Conditions 
Vcc 
TA= 
-40 
to 85'C 
TA= 
-55 
to 125'C 
Units 


Typ 
Guaranteed 
Limits 


VIH 
Minimum 
High Level Input 
2.0V 
1.5 
1.5 
1.5 
V 


Voltage 
4.5V 
3.15 
3.15 
3.15 
V 


6.0V 
4.2 
4.2 
4.2 
V 


VIL 
Maximum 
Low Level Input 
2.0V 
0.3 
0.3 
0.3 
V 


Voltage 


\ 
4.5V 
0.9 
0.9 
0.9 
V 


6.0V 
1.2 
1.2 
1.2 
V 


VOH 
Minimum 
High Level Output 
VIN = VIH or VIL 
Voltage 
IIOUTIS:20 ",A 
2.0V 
2.0 
1.9 
1.9 
1.9 
V 


4.5V 
4.5 
4.4 
4.4 
4.4 
V 


6.0V 
6.0 
5.9 
5.9 
5.9 
V 


VIN=VIH 
or VIL 


IIOUTI S:4.0 mA 
4.5V 
3.98 
3.84 
3.7 
V 


IIOUTIS:5.2 mA 
6.0V 
5.48 
5.34 
5.2 
V 


VOL 
Maximum 
Low Level Output 
VIN=VIHorVIL 
Voltage 
IIOUTIS:20 ",A 
2.0V 
0 
0.1 
0.1 
0.1 
V 


4.5V 
0 
0.1 
0.1 
0.1 
V 


6.0V 
0 
0.1 
0.1 
0.1 
V 


VIN=VIH 
orVIL 


IIOUTI s: 4 mA 
4.5V 
0.26 
0.33 
0.4 
V 


IIOUTI s:5.2 mA 
6.0V 
0.26 
0.33 
0.4 
V 


IIN 
Maximum 
Input Current 
VIN=VCC 
or GND 
6.0V 
±0.5 
±5.0 
±10 
",A 
(Pins 2. 14) 


IIN 
Maximum 
Input Current 
VIN=Vee 
or GND 
6.0V 
±0.1 
±1.0 
±1.0 
",A 
(All other pins) 


Ice 
Maximum 
Quiescent 
Supply 
VIN = Vee or GND 
Current 
IOUT=O ",A 
6.0V 
100 
150 
250 
400 
",A 
Pins 2 and 14=0.5Vee 


Note 1: Maximum 
Ratings are those values beyond which damage to the device may occur. 


Note 2: Unless otherwise 
specified 
all voltages are referenced 
to ground. 


Note 3: PowerDissipationTemperatureDerating:Plastic"N" Package:-12mWrC 
from65'C to 85'C Ceremic"J" Package:-12mWrC 
from l00'C to 125'C 
Note 4: For a power supplyof 5V ±10% the worst case outputvoltages (VOH.and Vou occur for HC at 4.5V.Thus the 4.5V valuesshouldbe used when 
designingwiththissupply.WorstcaseVIHandV,Loccurat Vcc = 5.5Vand4.5Vrespectively.(TheVIHvalueat 5.5Vis 3.85V.)The worstcase leakagecurrent 
(IIN. Ice. and lozl occur for CMOSat the highervoltageandso the B.OVvaluesshouldbe used. 


AC Electrical Characteristics 
Vcc=5V, 
TA=25° 
C, CL =15 
pF, tr=tf=6,ns 


Symbol 
Parameter 
Conditions 
Typ 
.. LimIt 
Units 


tpLH 
Maximum 
Propagation 
Delay A, or B to Q 
23 
45 
ns 


tpHL 
Maximum 
Propagation 
Delay A, or B to Q 
26 
50 
ns 


tpHL 
Maximum 
Propagation 
Delay Clear to Q 
23 
45 
ns 


tpLH 
Maximum 
Propagation 
Delay Clear to Q 
26 
45 
ns 


tw 
Minimum 
Pluse Width A, B or Clear 
10 
16 
ns 


, 


AC Electrical 
Characteristics 
CL =50 
pF tr=tf=6 
ns 
(Unless 
otherwise 
specified) 


TA=2SoC 
74HC 
S4HC 


Symbol 
Parameter 
ConditIons 
Vcc 
TA= 
-40 
to 85°C 
TA= 
-55 
to 125°C 
Units 
Typ 
Guaranteed 
Limits 


tPLH 
Maximum 
Propagation 
2.0V 
100 
250 
315 
373 
ns 
Delay A, or B to Q 
4.5V 
25 
50 
63 
75 
ns 
6.0V 
21 
43 
54 
63 
ns 


tpHL 
Maximum 
prOpa&ation 
2.0V 
110 
275 
347 
410 
ns 
Delay A, or B to 
4.5V 
28 
55 
69 
82 
ns 
6.0V 
23 
47 
59 
70 
ns 


tpHL 
Maximum 
Propagation 
2.0V 
100 
250 
315 
373 
ns 
Delay Clear to Q 
4.5V 
25 
50 
63 
75 
ns 
6.0V 
21 
43 
54 
63 
ns 


tpLH 
Maximum 
Prop~gation 
2.0V 
110 
275 
347 
410 
ns 
Delay Clear to Q 
4.5V 
28 
55' 
69 
82 
ns 
6.0V 
23 
47 
59 
70 
ns 


tTLH, tTHL 
Maximum 
Output 
2.0V 
30 
75 
95 
110 
ns 
Rise and Fall 
4.5V 
10 
15 
19 
~ 
22 
ns 
Time 
6.0V 
8 
13 
16 
19 
ns 


fr, tf 
Maximum 
Input 
2.0V 
1000 
1000 
1000 
ns 
Rise and Fall 
4.5V 
500 
500 
500 
ns 
Time (Reset only) 
6.0V 
400 
400 
400 
ns 


tw 
Minimum 
Pluse Width 
2.0V 
80 
101 
119 
ns 
A, B,Clear 
4.5V 
16 
20 
24 
ns 
6.0V 
14 
17 
20 
ns 


t:-vo 
Output 
Pulse Width 
Cx=12pF 
Min 
3.0V 
283 
190 
ns 
Rx=1 
kO 
5.0V 
147 
120 
ns 


Max 
3:0V 
283 
400 
ns 
5.0V 
147 
185 
ns 


two 
Output 
Pulse Width 
Cx=100pF 
Min 
3.0V 
1.2 
IJos 
Rx=10 
kO 
5.0V 
1.0 
IJos 


Max 
3.0V 
1.2 
IJos 
5.0V 
1.0 
IJos 


two 
Output 
Pulse Width 
Cx=1000 
pF 
Min 
3.0V 
10.5 
9.4 
IJos 
Rx=10 
kO 
5.0V 
10.0 
9.3 
IJos 


Max 
3.0V 
10.5 
11.6 
IJos 
5.0V 
10.0 
11.7 
IJos 


CIN 
Maximum 
Input 
2S 
pF 
Capacitance 
(Pins 2 & 14) 


CIN 
Maximum 
Input 
5 
10 
10 
10 
pF 
Capacitance 
(Other Inputs) 


CPO 
Power Dissipation 
(per one shot) 
150 
pF 
Capacitance 
(Note 5) 


.6.two 
Pulse Width Match 
Between 
Circuits 
in 
±1 
% 
Same Package 


Note 5: CPO determinesthe no load dynamicconsumption,Po = Cpo VCC2f+ICC 
Vee, andthe no loaddynamiccurrentconsumption,ls - 
Vee f + 
Ice. 


Note 8: Referto Section1 for Typical MM54174HCAC SwitchingWaveformsand Test Circuits. 


ex 
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Circuit Operation 


The 'HC4538 
operates 
as follows 
(refer to logic diagram), 
In 
the 
quiescent 
state, 
the 
external 
timing 
capacitor, 
Cx', is 
charged 
to Vcc. When 
a trigger 
occurs, 
the Q output 
goes 
high and Cx discharges 
quickly 
to the lower 
reference 
volt- 
age (VREF Lower = % Vccl. Cx then charges, 
through 
Rx, 
back 
up to the upper 
reference 
voltage 
(VREF Upper 
= % 
Vccl. at which 
point the one-shot 
has timed 
out and the Q 
ou"ut 
goes low. 


The following, 
more detailed 
description 
of the circuit opera- 
tion refers to both the logic diagram 
and the timing 
diagram. 


QUIESCENT 
STATE 


In the quiescent 
state, 
before 
an input trigger 
appears, 
the 
output 
latch 
is high and the reset 
latch 
is high (# 1 in logic 
diagram). 


Thus the Q output 
(pin 6 or 10) of the monostable 
multivibra- 
tor is low (# 2, timing 
diagram). 


The output 
of the trigger-control 
circuit is low (#3), 
and tran- 
sistors 
M1, M2, and M3 are turned 
off. The external 
timing 
capacitor, 
Cx, is charged 
to Vcc (#4), 
and the upper 
refer- 
ence 
circuit 
has a low output 
(#5). 
Transistor 
M4 is turned 
on and transmission 
gate 
T1 is turned 
off. Thus 
the 
lower 
reference 
circuit 
has Vcc at the 
noninverting 
input 
and 
a 
resulting 
low output 
(#6). 


In addition, 
the output 
of the trigger-control 
reset 
circuit 
is 
low. 


TRIGGER 
OPERATION 


The 
'HC4538 
is triggered 
by either 
a rising-edge 
signal 
at 
input A (#7) 
or a falling-edge 
signal at input B (#8), 
with the 
unused 
trigger 
input and the Reset 
input held at the voltage 
levels shown 
in the Function 
Table. 
Either trigger 
signal will 
cause 
the 
output 
of the 
trigger-control 
circuit 
to 
go 
high 
(#9). 


r 


QUIESCENrT 
TRIGGERCYCLEl=TRIGGER 
CYCLE-rRESET~[fi' 
RETRIGGERi 
STATE 
(A INPUT) 
(S INPUT) 
CD.......... 
tw I-- 


TRIGGERINPUTA 
1------1 
n 
(PIN 40R 12) 
, 
, 
••, 
_ 
_ 


TRIGGERINPUTS--------------f8\-LJ----------------------- 
(PIN5 OR11) 
\!V 
______n 
_ 


RX/Cx INPUT 
(PIN2 OR14) 


VIIEFLOWER 


UPl'ERREFERENCE 
CD 
11 
n 
I 
L- 
CIRCUIT 


LOWERREFERENCE 
CD 
n 
n 
u 
CIRCUIT 


RESETINPUT 
®U 
(PIN3 OR13) 


CD 


RESETLATCH 
@U 


QOUTPUT 
CD 
(PINGOR 10) 
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The trigger-control 
circuit going high simultaneously 
initiates 
three 
events. 
First, 
the output 
latch 
goes 
low, thus 
taking 
the Q output 
of the 'HC4538 
to a high state (#10). 
Second, 
transistor 
M3 is turned 
on, which 
allows 
the external 
timing 
capacitor, 
Cx, 
to 
rapidly 
discharge 
toward 
ground 
(#11). 


(Note that the voltage 
across 
Cx appears 
at the input of the 
upper 
reference 
circuit 
comparator). 
Third, 
transistor 
M4 is 
turned 
off and transmission 
gate T1 is turned 
on, thus allow- 
ing the voltage 
across 
Cx to also appear 
at the input of the 
lower 
reference 
circuit 
comparator. 


When 
Cx discharges 
to the reference 
voltage 
of the lower 
reference 
circuit 
(#12), 
the 
outputs 
of both 
reference 
cir- 
cuits will be high (#13). 
The trigger-control 
reset circuit goes 
high, 
resetting 
the 
trigger-control 
circuit 
flip-flop 
to a low 
state 
(#14). 
This turns 
transistor 
M3 off again, allowing 
Cx 
to begin to charge 
back up toward 
Vcc, with A time constant 
t = RxCx 
(#15). 
In addition, 
transistor 
M4 is turned 
on and 
transmission 
gate T1 is turned 
off. Thus a high voltage 
level 
is applied 
to the input of the lower reference 
circuit 
compar- 
ator, 
causing 
its output 
to go low (#16). 
The 
monostable 
multivibrator 
may be retriggered 
at any time after the trigger- 
control 
circuit 
goes low. 


When 
Cx charges 
up to the reference 
voltage 
of the upper 
reference 
circuit 
(# 17), the 
output 
of the 
upper 
reference 
circuit 
goes low (#18). 
This causes 
the output 
latch to tog- 


gle, taking the Q output 
of the 'HC4538 
to a low state (#19), 
and completing 
the time-out 
cycle. 


RESET OPERATION 


A low voltage 
applied 
to the Reset 
pin always 
forces 
the Q 
output 
of the 'HC4538 
to a low state. 


The timing 
diagram 
illustrates 
the case 
in which 
reset 
oc- 
curs 
(# 20) while 
Cx 
is charging 
up toward 
the 
reference 
voltage 
of the upper 
reference 
circuit 
(#21). 
When 
a reset 
occurs, 
the output 
of the reset latch goes low (#22), 
turning 
on transistor 
M1. Thus Cx is allowed 
to quickly 
charge 
up to 
Vcc 
(#23) 
to await the next trigger 
signal. 


RETRIGGER 
OPERATION 


In the retriggerable 
mode, 
the 'HC4538 
may be retriggered 
during 
timing 
out of the output 
pulse 
at any time 
after 
the 
trigger-control 
circuit 
flip-flop 
has 
been 
reset 
(#24). 
Be- 
cause 
the trigger-control 
circuit 
flip-flop 
resets 
shortly 
after 
Cx has discharged 
to the 
reference 
voltage 
of the 
lower 
reference 
circuit 
(# 25), the minimum 
retrigger 
time, t" 
is a 
function 
of internal 
propagation 
delays 
and 
the 
discharge 


,time 
of Cx: 


Vcc<volts)· 
Cx(pF) 
t,,(ns) 
"" 72 + -------, 
at room temperature 
30.5 


POWER· DOWN CONSIDERATIONS 
Large values of Cx may cause problems when powering 
down the HC4538 because of the amount of energy stored 
in the capacitor. When a system containing this device is 
powered down, the capacitor may discharge from Vcc 
through the input protection diodes at pin 2 or pin 14. Cur- 
rent through the protection diodes must be limited to 30 mA; 
therefore, the turn-off time of the Vcc power supply must 
not be faster than t = VcceCx/(30 
mAl. For example, if 
VCC= 5V and Cx = 151JoF,the VCCsupply must turn off no 
faster than t = (15V)e(15 IJoF)/30mA = 2.5 ms. This is 
usually not a problem because power supplies are heavily 
filtered and cannot discharge at this rate. 


When a more rapid decrease of Vcc to zero volts occurs, 
the HC4538 may sustain damage. To avoid this possibility, 
use an external clamping diode, OX,connected from VCCto 
the Cx pin. 
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MM54HC4543/MM74HC4543 
BCD-to-7 Segment 
Latchl Decoder IDriver for Liquid Crystal Displays 


General 
Description 
The 
MM54HC4543/MM74HC4543 
BCD-to-7 
segment 
latch/decoder/driver 
utilize microCMOSTMTechnology, 3.5 
micron silicon gate P-well CMOS, and can be used either as 
a high speed decoder or as a display driver. This circuit 
contains a 4-bit latch, BCD-to-7 segment decoder, and 7 
output drivers. Data on the input pins flow through to the 
output when the LATCH ENABLE (LE) is high and is latched 
on the high to low transition of the LE input. The PHASE 
input (PH) controls the polarity of the 7 segment outputs. 
When PH is low the outputs are true 7 segment, and when 
PH is high the outputs are inverted 7 segment. When the 
PHASE input is driven by a liquid crystal display (LCD) back- 
plane waveform the segment pins output the correct seg- 
ment waveform for proper LCD AC drive voltages. 
In addition a BLANKING INPUT (BI) is provided, which will 
blank the display. 
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MM54HC4543/MM74HC4543 


54HC4543 (J) 
74HC4543 (J,N) 


The MM54HC4543/MM74HC4543 are functionally and pin- 
out equivalent to the 
CD4543BC/CD4543BM 
and the 
MC14543BAlMC14543BC. All inputs are protected from 
damage due to static discharge by diodes to Vcc 
and 
ground. 


Features 
• 
Typical propagation delay: 60 ns 
• 
Supply voltage range: 2-6V 
• 
Maximum input current: 1 IJ-A 
• 
Maximum quiescent supply current: 80 IJ-A(74HC) 
• 
Display blanking 
• 
Low dynamic power consumption 


Inputs 
Outputs 


LE 
BI 
Ph" 
D 
C 
B 
A 
a 
b 
c 
d • 
f 
9 
Dlaplay 


X 
H 
L 
X 
X 
X 
X 
L 
L 
L 
L 
L 
L 
L 
Blank 


H 
L 
L 
L 
L 
L 
L 
H 
H 
H 
H 
H 
H 
L 
0 
H 
L 
L 
L 
L 
L 
H 
L 
H 
H 
L 
L 
L 
L 
t 
H 
L 
L 
L 
L 
H 
L 
H 
H 
L 
H 
H 
L 
H 
2 
H 
L 
L 
L 
L 
H 
H 
H 
H 
H 
H 
L 
L 
H 
3 


H 
L 
L 
L 
H 
L 
L 
L 
H 
H 
L 
L 
H 
H 
4 
H 
L 
L 
L 
H 
L 
H 
H 
L 
H 
H 
L 
H 
H 
5 
H 
L 
L 
L 
H 
H 
L 
H 
L 
H 
H 
H 
H 
H 
6 
H 
L 
L 
L 
H 
H 
H 
H 
H 
H 
L 
L 
L 
L 
7 


H 
L 
L 
H 
L 
L 
L 
H 
H 
H 
H 
H 
H 
H 
6 
H 
L 
L 
H 
L 
L 
H 
H 
H 
H 
H 
L 
H 
H 
9 
H 
L 
L 
H 
L 
H 
L 
L 
L 
L 
L 
L 
L 
L 
Blank 
H 
L 
L 
H 
L 
H 
H 
L 
L 
L 
L 
L 
L 
L 
Blank 


H 
L 
L 
H 
H 
L 
L 
L 
L 
L 
L 
L 
L 
L 
Blank 
H 
L 
L 
H 
H 
L 
H 
L 
L 
L 
L 
L 
L 
L 
Blank 
H 
L 
L 
H 
H 
H 
L 
L 
L 
L 
L 
L 
L 
L 
Blank 
H 
L 
L 
H 
H 
H 
H 
L 
L 
L 
L 
L 
L 
L 
Blank 


L 
L 
L 
X 
X 
X 
X 
"" 
"" 
Inverse of Output 
Display 
t 
t 
H 
t 
Combinations 
as 
Abeve 
abcve 


X-Don't 
care 
t = Same as above combinations 
•= For liquid crystal 
readouts, apply a square wave to Ph. 


""~Depends 
upon the BCD code previously 
applied when LE-H 
."~'. 
.,-,-• 


Absolute Maximum Ratings (Notes 
1 & 2) 
Operating Conditions 


Supply Voltage 
(Veel 
-0.5 
to + 7.0V 
Mln 
Max 
Units 


DC Input Voltage 
(VIN) 
-1.5toVee+1.5V 
Supply Voltage(Veel 
2 
6 
V 


DC Output Voltage 
(VOUT) 
-0.5 
to Vee+0.5V 
DC Input or Output Voltage 
0 
Vee 
V 


Clamp Diode Current 
(11K. 10K! 
±20mA 
(VIN.VOUT) 


DC Output Current. 
per pin (lOUT) 
±25mA 
Operating 
Temperature 
Range(T Al 
MM74HC 
-40 
+85 
·C 
DC Vee or GND Current. 
per pin (Ieel 
±50mA 
MM54HC 
-55 
+125 
·C 


Storage 
Temperature 
Range (TSTG) 
-65·Cto 
+ 150·C 
Input Rise o?Fall Times 
Power Dissipation 
(Po) (Note 3) 
500mW 
(t,. tt) 
Vce=2.0V 
1000 
ns 


Lead Temperature 
(TLl (Soldering 
10 seconds) 
260·C 
Vee=4.5V 
500 
ns 
Vee=6.0V 
400 
ns 


DC Electrical Characteristics 
(Note 
4) 


TA=25·C 
74HC 
54HC 


Symbol 
Parameter 
Conditions 
Vcc 
TA= 
-40 
to 85·C 
TA = -55 
to 125·C 
Units 
Typ 
Guaranteed 
LimIts 


VIH 
Minimum 
High Level 
2.0V 
1.5 
1.5 
1.5 
V 


Input Voltage 
4.5V 
3.15 
3.15 
3.15 
V 


6.0V 
4.2 
4.2 
4.2 
V 


VIL 
Maximum 
Low Level 
2.0V 
0.3 
0.3 
0.3 
V 


Input Voltage 
4.5V 
0.9 
0.9 
0.9 
V 


6.0V 
1.2 
1.2 
1.2 
V 


VOH 
Minimum 
High Level 
VIN = VIH or VIL 
Output Voltage 
IIOUTI~20 
fJoA 
2.0V 
2.0 
1.9 
1.9 
1.9 
V 


4.5V 
4.5 
4.4 
4.4 
4.4 
V 


6.0V 
6.0 
5.9 
5.9 
5.9 
V 


VIN = VIH or VIL 


IIOUTI ~0.4 
mA 
4.5V 
4.2 
3.98 
3.84 
3.7 
V 


IIOUTI~0.52 
mA 
6.0V 
5.7 
5.48 
5.34 
5.2 
V 


VOL 
Maximum 
Low Level 
VIN = VIH or VIL 
Output Voltage 
IIOUTI ~ 20 fJoA 
2.0V 
0 
0.1 
0.1 
0.1 
V 


4.5V 
0 
0.1 
0.1 
0.1 
V 


6.0V 
0 
0.1 
0.1 
0.1 
V 


VIN = VIH or VIL 


IIOUTI~0.4 
mA 
4.5V 
0.2 
0.26 
0.33 
0.4 
V 


IIOUTI~0.52 
mA 
6.0V 
0.2 
0.26 
0.33 
0.4 
V 


IIN 
Maximum 
Input 
VIN = Vce or GND 
6.0V 
±0.1 
±1.0 
±1.0 
fJoA 


Current 


Ice 
Maximum 
Quiescent 
VIN'=VeCorGND 
6.0V 
8.0 
80 
160 
fJoA 


Supply Current 
IOUT=OfJoA 


Note 1: Absolute 
MaxImum Ratings are those values beyond which damage to the device may occur. 


Not. 
2: Unless otherwise 
specified all voltages are referenced 
to ground. 


Nole 3: Power Dissipationtemperature derating - 
plastic "N" package: -12 mWr£ from 6S·C to 8S·C; ceramic "J" package: -12 
mWrC 
from 


100·C10 12S·C. 


Nole 4: For a power supply of SV ±10% the worst case outputvoltages(VOH.and Vou occur for HC at 4.SV.Thus the 4.SVvaluesshould be used when 
designingwiththissuppiy.WorstcaseVIHandVILoccurat Vcc - 5.SVand4.SVrespectively.(TheVIHvalueatS.SVis3.8SV.)Theworstcaseleakagecurrent(iIN. 
Ice. and loz) occurfor CMOSat Ihe highervoltageand so the 6.0Vvaluesshouldbe used. 


AC Electrical 
Characteristics 


Vcc=5V, 
TA=25'C, 
CL =15 
pF, t,.=tf=6 
ns 


Symbol 
Parameter 
Conditions 
Typ 
Guaranteed 
Units 
Limit 


'PHL, tpLH 
Maximum 
Propagation 
60 
100 
ns 


Delay Data LE, 61, Ph to Output 


Is 
Minimum 
Set Up Time 
20 
ns 


LE to Data 


tH 
Minimum 
Hold Time 
10 
ns 


Data to LE 


tw 
Minimum 
LE Pulse Width 
16 
ns 


TA=25'C 
74HC 
54HC 


Symbol 
Parameter 
Conditions 
Vcc 
TA = -40 
to 85'C 
TA= 
-55 
to 125'C 
Units 


Typ 
Guaranteed 
Limits 


tpHL, tpLH 
Maximum 
Propagation 
2.0V 
300 
600 
760 
895 
ns 


Delay Data LE, Ph, 61 to Output 
4.5V 
60 
120 
151 
179 
ns 


6.0V 
51 
102 
129 
152 
ns 


Is 
Minimum 
Set Up Time 
2.0V 
100 
125 
150 
ns 


LEtoData 
4.5V 
20 
25 
30 
ns 


6.0V 
17 
21 
25 
ns 


tH 
Minimum 
Hold Time 
2.0V 
50 
63 
75 
ns 


Data to LE 
4.5V 
10 
13 
15 
ns 


6.0V 
9 
11 
13 
ns 


tw 
Minimum 
LE Pulse Width 
2.0V 
80 
100 
120 
ns 


4.5V 
16 
20 
24 
ns 


6.0V 
14 
17 
20 
ns 


CPO 
Power Dissipation 
pF 


Capacitance 
(Note 5) 


CIN 
Maximum 
Input 
5 
10 
10 
10 
pF 


Capacitance 


Note 
5: Cpo 
determines 
the 
no 
load 
dynamic 
power 
oonsumption. 
PO-Cpo 
Vcc2 
f+lcc 
Vcc. 
and 
the 
no 
load 
dynamic 
current 
consumption, 


IS-Cpo 
Vcc f+lcc· 


Note 6: Refer to Section 1 for Typlcal MM54174HC AC Swttching Waveforms and Test Clrcutts. 
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~National 
~ 
semiconductor 


General 
Description 


This silicon 
gate CMOS 
adder 
performs 
the addition 
at LS- 


TIL 
speeds 
of two 4-bit 
numbers 
in NBCD 
(natural 
binary 
coded 
decimal) 
format. 
resulting 
in sum and carry outputs 
in 
NBCD code. 


This device 
can also subtract 
when 
one set of inputs 
is 9's 


Complemented 


All inputs and outputs 
are active high. The carry input for the 


least significant 
digit is connected 
to GND for no carry in. 


All 
inputs 
are 
protected 
from 
damage 
due 
to 
static 
dis- 


charge 
by internal 
diode clamps 
to. Vcc 
and ground. 


Features 


• 
Wide 
supply 
range: 
2V to 6V 


• 
Low quiescent 
consumption: 
8 ",A at 25°C 


• 
Low input current: 
<1 ",A 


• 
Fanout 
of 10 LS-TIL 
loads 


Vee 
A1 


16 
15 


81 
S1 
S2 


14 
13 
12 


S3 
54 
COUT 


11 
10 


1 
2 


A2 
82 


3 
4 
5 


A3 
83 
A4 


6 
8 


84 
CIN 
GND 


TL/F/5374-1 


MM54HC4560/MM74HC4560 


54HC4560 
(J) 
74HC4560 
(J,N) 


Truth Table* 
_ 


INPUT 
OUTPUT 


A4 
A3 
A2 
A1 
84 
83 
82 
81 
CIN 
COUT 
54 
53 
52 
51 


0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 


0 
0 
0 
0 
0 
0 
0 
0 
1 
0 
0 
0 
0 
1 


0 
1 
0 
0 
0 
0 
1 
1 
0 
0 
0 
1 
1 
1 


0 
1 
0 
0 
0 
0 
1 
1 
1 
0 
1 
0 
0 
0 


0 
1 
1 
1 
0 
1 
0 
0 
0 
1 
0 
0 
0 
1 


0 
1 
1 
1 
0 
1 
0 
0 
1 
1 
0 
0 
1 
0 


1 
0 
0 
0 
0 
1 
0 
1 
0 
1 
0 
0 
1 
1 
0 
1 
1 
0 
1 
0 
0 
0 
0 
1 
0 
1 
0 
0 


1 
0 
1 
1 
1 
0 
0 
1 
1 
1 
1 
0 
0 
1 


Absolute 
Maximum Ratings 
(Notes 
1 and 2) 
Operating 
Conditions 


Supply Voltage (Vce) 
-0.5 
to + 7.0V 
Mln 
Max 
Units 


DC Input Voltage (VIN) 
-1.5 
to Vce+1.5V 
Supply Voltage(Vccl 
2 
6 
V 


DC Output Voltage (VOUT) 
-0.5 
to Vce+0.5V 
DC Input or Output Voltage 
0 
Vcc 
V 


Clamp Diode Current (11K, loKl 
±20rnA 
(VIN,VOUT) 


DC Output Current, per pin (lOUT) 
±25mA 
Operating Temperature 
Range(T AI 


MM74HC 
-40 
+85 
·C 
DC Vce or GND Current, per pin (Ice) 
±50mA 
MM54HC 
-55 
+125 
·C 
Storage Temperature 
Range (TSTG) 
-65·Cto 
+ 1500C 
Input Rise or Fall Times 


Power Dissipation (Po) (Note 3) 
500mW 
(4, tt) 
Vce=2.0V 
1000 
ns 


Lead Temperature 
(Tu (Soldering 10 seconds) 
300·C 
Vce=4.5V 
500 
ns 


Vce=6.0V 
400 
ns 


DC Electrical 
Characteristics 
(Note 4) 


TA=2S·C 
74HC 
S4HC 


Symbol 
Parameter 
Conditions 
Vcc 
TA= -40 
to8S·C 
TA= -SSto 
12S·C 
Units 


Typ 
Guaranteed 
Limits 


VIH 
Minimum High Level 
2.0V 
1.5 
1.5 
1.5 
V 
Input Voltage 
4.5V 
3.15 
3.15 
3.15 
V 


6.0V 
4.2 
4.2 
4.2 
V 


VIL 
Maximum Low Level 
2.0V 
0.3 
0.3 
0.3 
V 
Input Voltage 
4.5V 
0.9 
0.9 
0.9 
V 


6.0V 
1.2 
1.2 
1.2 
V 


VOH 
Minimum High Level 
VIN = VIH or VIL 


Output Voltage 
IIOUTIS:20 /LA 
2.0V 
2.0 
1.9 
1.9 
1.9 
V 


4.5V 
4.5 
4.4 
4.4 
4.4 
V 


6.0V 
6.0 
5.9 
5.9 
5.9 
V 
. 
VIN = VIH or VIL 
IIOUTIS:4.0 mA 
4.5V 
4.2 
3.98 
3.84 
3.7 
'V 


IIOUTIs:5.2 mA 
6.0V 
5.7 
5.48 
5.34 
5.2 
V 


VOL 
Maximum Low Level 
VIN= VIH or VIL 


Output Voltage 
IIOUTIS:20 /LA 
2.0V 
0 
0.1 
0.1 
0.1 
V 


4.5V 
0 
0.1 
0.1 
0.1 
V 


6.0V 
0 
0.1 
0.1 
0.1 
V 


VIN= VIH or VIL 
IIOUTIS:4 mA 
4.5V 
0.2 
0.26 
0.33 
0.4 
V 
IIOUTIS:5.2 mA 
6.0V 
0.2 
0.26 
0.33 
0.4 
V 


IIN 
Maximum Input 
VIN = Vce or GND 
6.0V 
H).1 
±1.0 
±1.0 
/LA 
Current 


Ice 
Maximum Quiescent 
VIN = Vce or GND 
6.0V 
8 
80 
160 
/LA 
Supply Current 
IOUT=O/LA 


Not. 1: AbsoluteMaximumRatingsarethosevaluesbeyondwhichdamageto thedevicemayoccur. 


Not. 2: Unlessotherwisespecifiedall voltagesarereferencedto ground. 


Not. 3: PowerDissipationtempereturederating- 
plastic"N" package:-12 mWrC from 65"C to 8S"C;ceramic"J" package:-12 mWrC trom 
1WC to 12S"C. 


Not. 4: Fora powersupplyof SV ±10% theworstcaseoutputvoltages(VOH.andVoLl occurtor HCat 4.SV.Thusthe4.SVvaluesshouldbe usedwhen 
designingwiththissupply.WorstcaseVIHandVILoccuratVee- S.SVand4.SVrespectively.(TheVIHvalueatS.SVis3.8SV.)Theworstcaseleakagecurrent(I,N. 
Ice. andlez) occurfor CMOSat thehighervoltageandsothe8.0Vvaluesshouldbeused. 


I 


AC Electrical Characteristics 


Vcc=5V. 
TA=25'C. 
CL =15 
pF. tr=tf=6 
ns 


Symbol 
Parameter 
Conditions 
Typ 
Guaranteed 
Units 
Limit 


tpHL. tpLH 
Maximum 
Propagation 
30 
ns 


Delay From A or B to Sn 


tpHL. tPLH 
Maximum 
Propagation 
30 
ns 


Delay From A or B to COUT 


tpHL. tpLH 
Maximum 
Propagation 
25 
ns 


Delay From CIN to COUT 


tPHL. tPLH 
Maximum 
Propagation 
25 
ns 


Delay From CIN to Sn 


AC Electrical Charact~ristics 


CL =50 
pF. tr=tf=6 
ns (unless 
otherwise 
specified) 


TA=25'C 
74HC 
54HC 


Symbol 
Parameter 
Conditions 
Vcc 
TA= 
-40 
to 85'C 
TA= 
-55 
to 125'C 
Units 


Typ 
Guaranteed 
Limits 


tpHL. tpLH 
Maximum 
Propagation 
2.0V 
75 
175 
219 
262 
ns 


Delay From A or B to Sn 
4.5V 
21 
35 
44 
53 
ns 


6.0V 
18 
30 
38 
45 
ns 


tpHL. tpLH 
Maximum 
Propagation 
2.0V 
73 
175 
219 
262 
ns 


Delay From A or B to COUT 
4.5V 
20 
35 
44 
53 
ns 


6.0V 
18 
30 
38 
45 
ns 


tpHL. tpLH 
Maximum 
Propagation 
2.0V 
63 
150 
189 
225 
ns 


Delay From CIN to COUT 
4.5V 
18 
30 
38 
45 
ns 


6.0V 
16 
26 
32 
39 
ns 


tpHL. tpLH 
Maximum 
Propagation 
2.0V 
63 
150 
189 
225 
ns 


Delay From CIN to Sn 
4.5V 
18 
30 
38 
45 
ns 


6.0V 
16 
26 
32 
39 
ns 


tTHL. tTLH 
Maximum 
Output 
2.0V 
30 
75 
95 
110 
ns 


Rise and Fall 
4.5V 
8 
15 
19 
22 
ns 


Time 
6.0V 
6 
13 
16 
19 
ns 


CIN 
Maximum 
Input 
5 
10 
10 
10 
,...F 


Capacitance 


CPO 
Power Dissipation 
(Note 5) 
,...F 


Capacitance 
. 


Note 
5: CPD determines 
the 
no load 
dynamic 
power 
consumption, Po=Cpo Vcc2 
f+ICC Vcc. and the no load dynamic current consumption, 
IS=Cpo Vcc f+1cc· 


Note 8: Referto Section1 for TypicalMM54/74HCAC Sw~chln9Waveformsand Test Circuits. 
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· MM54HCT/MM74HCT 
Data Sheets 


~National 
~ 
semiconductor 


General 
Description 


The 
MM54HCTOO/MM74HCTOO 
are 
logic 
functions 
fabri- 
cated 
using 
microCMOSTM 
Technology, 
3.0 micron 
silicon 
gate 
N-well 
CMOS, 
which 
provides 
the inherent 
benefits 
of 
CMOS-low 
quiescent 
power and wide power supply range. 
These 
devices 
are input and output 
characteristic 
and pin- 
out compatible 
with standard 
DM54LS/74LS 
logic families. 


All 
inputs 
are protected 
from 
static 
discharge 
damage 
by 
internal 
diodes 
to Vcc and ground. 


MM54HCT 
IMM74HCT 
devices 
are intended 
to interlace 
be- 
tween 
TTL 
and 
NMOS 
components 
and 
standard 
CMOS 
devices. 
These 
parts are also plug in replacements 
for LS- 


TTL devices 
and can be used to reduce 
power consumption 
in existing 
designs. 


Features 


• 
TTL, 
LS pin-out 
and threshold 
compatible 


• 
Fast switching: 
tpLH, tpHL = 8 ns (typ) 


• 
Low power: 
10 p.W at DC, 2.5 mW at > 5 MHz 


• 
High fan-out, 
10 LS-TTL 
loads 


MM54HCTOO/MM74HCTOO 


54HCTOO (J) 
74HCTOO (J,N) 


Absolute Maximum Ratings 
(Notes 1 & 2) 


Supply Voltage (Vee) 
-0.5 to + 7.0V 


DC Input Voltage (VIN) 
-1.5 to Vee+ 1.5V 


DCOutput Voltage (VOUT) 
-0.5 to Vee+0.5V 


Clamp Diode Current (11K,10Kl 
± 20 mA 


DC Output Current, per pin (lOUT) 
± 25 mA 


DC Vcc or GND Current, per pin (Icel 
± 50 mA 


Storage Temperature Range (TSTG) 
- 65'C to + 150'C 


Power Dissipation (Po) (Note 3) 
500 mW 


Lead Temperature (TU (Soldering 10 seconds) 
260'C 


Operating Conditions 


Mln 
4.5 
o 


Units 
V 


V 


Max 
5.5 


Vcc 


Supply Voltage (Vee) 


DC Input or Output Voltage 


(VIN,VOUT) 


Operating Temperature Range (TA) 
MM74HCT 
-40 
MM54HCT 
-55 
+85 
+125 


Input Rise or Fall Times 


(t.-, tll 


TA=25'C 
74HCT 
54HCT 


Symbol 
Parameter 
Conditions 
TA= -40 to 85'C 
TA= -55 to 125'C 
Units 


Typ 
Guaranteed Umlts 


VIH 
Minimum High Level 
2.0 
2.0 
2.0 
V 
Input Voltage 


VIL 
Maximum Low Level 
0.8 
0.8 
0.8 
V 
Input Voltage 


VOH 
Minimum High Level 
VIN= VIHor VIL 


Output Voltage 
I'0UT!=20 IJoA 
Vee 
Vee-0.1 
Vcc-0.1 
Vee-0.1 
V 
lOUT=4.0 mA, Vcc=4.5V 
4.2 
3.98 
3.84 
3.7 
V 
lOUT=4.8 mA, Vee=5.5V 
5.7 
4.98 
4.84 
4.7 
V 


VOL 
Maximum Low Level 
VIN=VIH 


Voltage 
I'0UT!=20 IJoA 
0 
0.1 
0.1 
0.1 
V 


lOUT=4.0 mA, Vcc=4.5V 
0.2 
0.26 
0.33 
0.4 
V 


lOUT=4.8 mA, Vcc=5.5V 
0.2 
0.26 
0.33 
0.4 
V 


IIN 
Maximum Input 
VIN= Vee or GND 
±0.1 
±1.0 
±1.0 
IJoA 
Current 


lee 
Maximum Quiescent 
VIN= Vee or GND 
2.0 
20 
40 
IJoA 
Supply Current 
10UT=01JoA 


VIN= 2.4V or 0.4V (Note 4) 
100 
IJoA 


Note 
1: Absolute 
Maximum 
Ratings are those values beyond which damage to the device may occur. 


Note 2: Unless otherwise 
specified 
all voltages are referenced 
to ground. 


Note 
3: Power Dissipation temperature 
derating - 
plastic "N" 
package: 
-12 
mWrC 
from 
6S'C 
to 8S'C; 
ceramic "J" package: 
-12 
mWrC 
from 
100'C to 12S'C. 


Note: 4: This is measured per Input wilIl all other Inputs heid at Vcc or ground. 


Guaranteed 
Limit 


15 


Parameter 


Maximum 
Propagation 
Delay 


TA=25°C 
74HCT 
54HCT 


Symbol 
Parameter 
Conditions 
TA= 
-40 
to 85"C 
TA = -55 
to 125°C 
Units 
Typ 
Guaranteed 
Limits 


tpLH. tpHL 
Maximum 
Propagation 
Delay 
10 
18 
24 
27 
ns 


tTHL. tTLH 
Maximum 
Output 
Rise & Fall Time 
8 
15 
19 
22 
ns 


CPD 
Power Dissipation 
Capacitance 
(Note 5) 
20 
pF 


CIN 
Input Capacitance 
5 
10 
10 
10 
pF 


Nole 5: CPO determines the no load dynamic power consumption. Po~Cpo 
Vcc2 1+lcc 
Vcc. and the no ioad dynamic current consumption, 
Is~Cpo Vcc 1+lcc, 
' 


Note 6: Referto Section1 for TypicalMM54174HCTAC SWitchingWaveformsandTest Circuits, 


~National 
~ 
semiconductor 


General Description 
The MM54HCT04/74HCT04 are logic functions fabricated 
using microCMOSTMTechnology. 3.0 micron silicon gate N- 
well CMOS. which provides the inherent benefits of CMOS - 
low quiescent power and wide power supply range. but are 
input and output characteristic as well as pin-out compatible 
with standard DM54lS/74lS 
devices. The MM54HCT041 


MM74HCT04. triple buffered. inverting hex inverters. feature 
low power dissipation and fast switching times. All inputs 
are protected from static discharge by internal diodes to 
Vcc and ground. 
MM54HCT/MM74HCT devices are intended to interface be- 
tween TIl 
and NMOS components and standard CMOS 


devices. These parts are also plug in replacements for lS- 
TIl 
devices and can be used to reduce power consumption 


in existing designs. 


Features 


• 
TIl, 
lS pin-out and threshold compatible 
• 
Fast switching: TpLH. TpHL=8 ns (typ) 
• 
low power: 10 IJ-Wat DC. 2.5 mW at 5 MHz 
• 
High fan-out: ~ 10 lS loads 
• 
Inverting. triple buffered 


MM54HCT04/MM74HCT04 


54HCT04 
(J) 
74HCT04 
(J,N) 


Absolute Maximum Ratings 
(Notes 1 & 2) 
Operating Conditions 


Supply Voltage (Veel 
-0.5 to + 7.0V 
Mln 
Max 
Units 
DC Input Voltage (VIN) 
-1.5 to Vcc+1.5V 
Supply Voltage (Veel 
4.5 
5.5 
V 
DC Output Voltage (Vour) 
-0.5 to Vcc+0.5V 
DC Inpllt or Output Voltage 
0 
Vcc 
V 
Clamp Diode Current (11K, 10K> 
±20mA 
(VIN,Vour) 
DC Output Current, per pin (lour) 
±25mA 
Operating Temperature Range (TA> 
DC Vcc or GND Current, per pin (Ieel 
±50mA 
MM74HCT 
-40 
+85 
·C 
Storage Temperature Range (TSTG) 
- 65·C to + 150·C 
MM54HCT 
-55 
+125 
·C 
Power Dissipation (Po) (Note 3) 
500mW 
Lead Temperature (TLl (Soldering 10 seconds) 
260·C 
Input Rise or Fall Times 
(tn tt> 
500 
ns 


DC Electrical Characteristics 
Vee=5V 
±100/0(unless otherwise specified) 


TA=25·C 
74HCT 
54HCT 


Symbol 
Parameter 
Conditions 
TA= -40 to 85·C 
:rA= -55 to 125·C 
Units 
Typ 
Guaranteed Limits 


VIH 
Minimum High Level 
2.0 
2.0 
2.0 
V 
Input Voltage 


VIL 
Maximum Low Level 
0.8 
0.8 
0.8 
V 
Input Voltage 


VOH 
Minimum High Level 
VIN=VIL 
Output Voltage 
Iiourl = 20 ".A 
Vcc 
Vcc-0.1 
Vee-0.1 
Vee-0.1 
V 
Ilourl=4.0 
mA, Vee=4.5V 
4.2 
3.98 
3.84 
3.7 
V 
Ilourl=4.8 
mA, Vcc=5.5V 
5.7 
4.98 
4.84 
4.7 
V 


VOL 
Maximum Low Level 
VIN=VIH 
Voltage 
Ilourl=20 
".A 
0 
0.1 
0.1 
0.1 
V 


Ilourl=4.0 
mA, Vcc=4.5V 
0.2 
0.26 
0.33 
0.4 
V 
Ilourl=4.8 
mA, VCC=5.5V 
0.2 
0.26 
0.33 
0.4 
V 


IIN 
Maximum Input 
VIN= Vcc or GND 
±0.1 
±1.0 
±1.0 
".A 
Current 


Ice 
Maximum Quiescent 
VIN=VCCorGND 
2.0 
20 
40 
".A 
Supply Current 
lour=O 
".A 


VIN=2.4Vor 0.4V (Note 4) 
100 
".A 


Note 
1: Absolute 
Maximum 
Ratings are those values beyond which damage to the device may occur. 


Note 2: Unless otherwise 
specified all voltages are referenced 
to ground. 


Note 
3: Power 
Dissipation 
temperature 
derating 
- 
plastic 
"N" 
package: 
-12 
mWrC 
from 
65°C 
to 85°C; 
ceramic 
"J" 
package: 
-12 mwrc from 
100°C to 125°C. 


Note: 4: This is measured 
per input with all other inputs held at Vcc 
or ground. 


" 


AC Electrical Characteristics 
Vcc=5.0V. 
t,.=tf=6 
ns. CL=15 pF. TA=25°C. (unless otherwise noted) 


Symbol 
Parameter 
Conditions 
Typ 
Guaranteed 
Units 
LimIt 


tpLH.tpHL 
Maximum Propagation 
10 
15 
ns 
Delay 


AC Electrical Characteristics 


Vcc=5.0V±10%. 
tr=tf=6 
ns. CL=50 pF. (unless otherwise noted) 


TA=25°C 
74HCT 
54HCT 


Symbol 
Parameter 
Conditions 
TA= -40 to 85°C 
TA = -55 to 12SOC 
Units 
Typ 
Guaranteed Umlts 


tpLH.tpHL 
Maximum Propagation Delay 
10 
18 
24 
27 
ns 


tTHL.tTLH 
Maximum Output Rise & Fall Time 
8 
15 
19 
22 
ns 


CPO 
Power Dissipation Capacitance 
(Note 5) 
20 
pF 


CIN 
Input Capacitance 
5 
10 
10 
10 
pF 


Note 
5: CPO determines 
the no load dynamic power comsumption, 
Po-CPO 
vcc2 
f+lcc 
Vcc, 
and the no load dynamic current 
consumption. 
IS-Cpo 
Vcc 
f 


+Icc· 


Note 6: Refer to Section 1 for Typical MM54/74HCT 
AC Switching Waveforms 
and Test Circuits. 


~National 
~ 
semiconductor 


General 
Description 


The MMS4HCTOS/MM74HCTOSare logic functions fabri- 
cated using microCMOSTMTechnology', 3.0 micron silicon 
gate N-well CMOS, which provides the inherent benefits of 
CMOS-low 
quiescent power and wide power supply range. 
These devices are also input-output characteristically and 
pin-out compatible with standard DMS4LS/DM74LS logic 
families. The MMS4HCTOS/MM74HCTOSopen drain Hex 
Inverter requires the addition of an external resistor to per- 
form a wire-NOR function. 


All inputs are protected from static discharge damage by 
internal diodes to Vcc and ground. 
MMS4HCTIMM74HCT devices are intended to interface be- 
tween TIL 
and NMOS components and standard CMOS 


devices. These parts are also plug in replacements for LS- 
TIL devices and can be used to reduce power consumption 
in existing designs. 


Features 


• 
Open drain for wire-NOR function 
• 
LS-TIL pinout and threshold compatible 
• 
Fan-out of 10 LS-TIL loads 
• 
Typical propagation delays: 


tpLH (with 1 kD. resistor) 10 ns 
tpHL (with 1 kD. resistor) 8 ns 


MM54HCT05/MM74HCT05 


54HCT05 
(J) 
74HCT05 
(J,N) 


~OUTPUT 
"~~9 


Vee 


_ ~ 
~, 
'::+B 


A~B 


MM54HCT05/MM74HCT05 


Note: 
Can be extended 
to more than 2 inputs. 


Absolute 
Maximum Ratings 
(Notes 1 & 2) 
SupplyVoltage(Vce) 
-0.5 to + 7.0V 
DCInputVoltage (VIN) 
-1.5 to Vce+1.5V 
DCOutputVoltage(VOUT) 
-0.5 to Vcc+0.5V 


ClampDiodeCurrent(11K, 10K! 
±20 mA 
DCOutputCurrent,per pin (lOUT) 
± 25 mA 
DCVcc or GNDCurrent.per pin (Ice) 
± 50 mA 
StorageTemperatureRange(TSTG) 
- 65·Cto + 150·C 
PowerDissipation(Po) (Note3) 
500 mW 


LeadTemperature(TL.l(Soldering10seconds) 
26O"C 


Operating 
Conditions 


Mln 
4.5 
o 


Units 
V 
V 


Max 
5.5 
Vcc 
SupplyVoltage(Vccl 
DCInputor OutputVoltage 
(VIN,VOUT) 
OperatingTemperatureRange(TpJ 
MM74HCT 
-40 
MM54HCT . 
-55 
InputRiseor FallTimes 
(t,.,tll 


TA-25"C 
74HCT 
54HCT 


Symbol 
Parameter 
Condltlona 
TA= 
-40 
to 85"C 
TA=-55to125"C 
Unl" 


Typ 
Guaranteed 
Uml" 


VIH 
Minimum High Level 
2.0 
2.0 
2.0 
V 
Input Voltage 


VIL 
Maximum Low Level 
0.8 
0.8 
0.8 
V 
Input Voltage 


VOH 
Minimum 
High Level 
VIN ~ VIH or VIL, RL ~ 1 k" 


OUtput Voltage 
IIOUTI=2O "A 
Vce 
VceO.1 
VceO.1 
VceO.1 
V 


VOL 
Maximum low 
Level 
VIN~VIH 


Voltage 
110UT1=20 "A 
0 
0.1 
0.1 
0.1 
V 
110UT1=4.0 mA, Vce=4.5V 
0.2 
0.28 
0.33 
0.4 
V 
110UT1=4.8 mA, Vce=5.5V 
0.2 
0.26 
0.33 
0.4 
V 


IIN 
Maximum Input 
VIN ~ Vce or GND 
±0.1 
±1.0 
±1.0 
"A 
Current 


ILKG 
Minimum High Level 
VIN~VIHorVll., 
VOUT~Vce 
0.5 
5.0- 
10 
~ 
Output Leakage 


Current 


Ice 
Maximum Quiescent 
VIN~VceorGND 
2.0 
20 
40 
"A 
Supply Current 
lOUT= OvA 


VIN = 2.4V or 0.4V 
100 
~ 
(Note 4) 


Note 1: Absolute 
Maximum 
Ratings 
are those values 
beyond 
which damage 
to the devIce 
may occur. 


Note 
2: Unless otherwise 
specified 
all voltages are referenced 
to ground. 


Note 
3: Power 
Dissipetion 
temperature 
derating 
- 
plastic 
"N" 
package: 
-12 
mWI'C 
from 
65'C 
to 85'C; 
ceramic 
"J" 
package: 
-12 
mWI'C 
from 
lOO"C to 125·C. 


Note 
4: This is measured 
per input with all other inputs held at Vcc 
or ground. 


Symbol 
Parameter 
CondlUona 
Typ 
Guaranteed 
Unlta 
Umlt 


tpHL 
Maximum Propagation 
Delay 
RL ~I 
kO 
8 
15 
ns 


tpLH 
Maximum Propagation 
Delay 
RL ~1kO 
9 
16 
ns 


, 


74HCT 
54HCT 
TA-25'C 
TA- 
-4Ot085"C 
TA~ 
-55 
to 125'C 
Symbol 
Parameter 
CondlUona 
Unl •• 


Typ 
Guaranteed 
Uml •• 


tpHL 
Maximum 
Propagation 
RL -1 
kO 
10 
18 
24 
27 
ns 
Delay 


tpLH 
Maximum Propegation 
RL -I 
kO 
12 
20 
25 
30 
ns 
Delay 


trHL 
Maximum Output 
10 
15 
19 
22 
ns 
Fall TIme 


CPO 
Power 
Dissipation 
(per gate) 
20 
pF 
Capacitance 
(Note 5) 
RL =00 


CIN 
Maximum 
Input 
5 
10 
10 
pF 
Capacitance 


Note 
5: Cpo 
determines 
the 
no 
load 
dynamic 
power 
consumption. 
Po-Cpo 
Vcc2 
f+lcc 
Vcc. 
and 
the 
no 
load 
dynamic 
current 
consumption, 
Is=Cpo 
Vcc 1+ Ice. 


Note 
6: Refer to Secifon 1 for Typical 
MM54/74HCT 
AC Switching Waveforms 
and Test Circuits. 


Symbol 
Parameter 
Conditions 
Typ 
Limit 
units 


tpHL 
Maximum 
Propagation 
RL =1 kO 
8 
15 
ns 


Delay 


tpLH 
Maximum 
Propagation 
RL =1 kO 
9 
16 
ns 


Delay 


AC Electrical 
Characteristics 


Vcc=5V 
±10%. 
CL =50 
pF.Ir=tf=6 
ns unless 
otherwise 
specified 


TA=2SOC 
74HCT 
54HCT 


Symbol 
Parameter 
Conditions 
TA= 
-40 
to 85°C 
TA = -55 
to 12SOC 
Units 
Typ 
Guaranteed 
Limits 


tPHL 
Maximum 
Propagation 
RL =1 kO 
10 
18 
24 
27 
ns 


Delay 


tpLH 
Maximum 
Propagation 
RL =1 kO 
12 
20 
25 
30 
ns 


Delay 
, 


tTHL 
Maximum 
Output 
10 
15 
19 
22 
ns 


Fall Time 


CPO 
Power Dissipation 
(per gate) 
20 
pF 


Capacitance 
(Note 5) 
RL =00 


CIN 
Maximum 
Input 
5 
10 
10 
pF 


Capacitance 


Note 
5: CPO determines 
the 
no 
load 
dynamic 
power 
consumption, 
Po=CPD 
Vcc2 
f+lcc 
Vcc, 
and 
the 
no 
load 
dynamic 
current 
consumption, 


Is=Cpo 
Vcc 
f+lcc· 


Note 6: Refer to Section 1 for Typical MM54174HCT 
AC SW~chlng Wavefonms and Test Circu~. 


/ 


Absolute Maximum Ratings (Notes 
1 & 2) 
Operating Conditions 


Supply Voltage 
(Vcc) 
-0.5 
to + 7.0V 
Mln 
Max 
Units 


DC Input Voltage 
(VIN) 
-1.5 
to Vcc+1.5V 
Supply Voltage(Vcel 
4.5 
5.5 
V 


DC Output Voltage 
(VOUT) 
-0.5 
to Vcc+0.5V 
DC Input or Output Voltage 
0 
Vcc 
V 


Clamp Diode Current 
(11K. loKl 
±20mA 
(VIN.VOUT) 


DC Output 
Current. 
per pin (lOUT) 
±25mA 
Operating 
Temperature 
Range(T A> 
MM74HCT 
-40 
+85 
'C 


DC Vcc or GND Current. 
per pin (Icel 
±50mA 
MM54HCT 
-55 
+125 
- 
'C 


Storage 
Temperature 
Range (T8TG) 
-65'Cto 
+ 150'C 
Input Rise or Fall Times 


Power Dissipation 
(Po) (Note 3) 
500mW 
(t,.. tf) 
500 
ns 


Lead Temperature 
(TO (Soldering 
10 seconds) 
260'C 


DC Electrical Characteristics 


Vcc=5V 
±10% 
(unless 
otherwise 
specified) 


TA=25'C 
74HCT 
54HCT 


Symbol 
Parameter 
Conditions 
TA= 
-40 
to 85'C 
TA = -55 
to 125'C 
Units 


Typ 
Guaranteed 
Limits 


VIH 
Minimum 
High Level 
2.0 
2.0 
2.0 
V 


Input Voltage 


VIL 
Maximum 
Low Level 
0.8 
0.8. 
0.8 
V 


Input Voltage 


VOH 
Minimum 
High Level 
VIN=VIH 


Output ~oltage 
IIOUTI=20 
",A 
Vcc 
Vcc-0.1 
Vcc-0.1 
Vcc-0.1 
V 


IIOUTI=4.0 
mA. Vcc=4.5V 
4.2 
3.98 
3.84 
3.7 
V 


IIOUTI=4.8 
mA. Vcc=5.5V 
5.7 
4.98 
4.84 
4.7 
V 


VOL 
Maximum 
Low Level 
VIN=V,L 


Voltage 
IIOUTI = 20 ",A 
0 
0.1 
0.1 
0.1 
V 


IIOUTI = 4.0 mA. Vcc = 4.5V 
0.2 
0.26 
0.33 
0.4 
V 


IIOUTI = 4.8 mA. VCC= 5.5V 
0.2 
0.26 
0.33 
004 
V 


IIN 
Maximum 
Input 
VIN=VccorGND 
±0.1 
±1.0 
±1.0 
",A 
Current 


Icc 
Maximum 
Quiescent 
VIN = Vcc 
or GND 
2.0 
20 
40 
",A 
Supply Current 
IOUT=O",A 


VIN = 204V or Oo4V(Note 4) 
100 
",A 


Note 
1: Absolute 
Maximum 
Ratings are those values beyond which damage to the device may occur. 


Note 
2: Unless otherwise 
specified 
all voltages 
are referenced 
to ground. 


Note 
3: Power Dissipation temperature 
derating - 
plastic 
"N" 
package: 
-12 mwrc 
from 
65°C to 85°C; ceramic 
"J" 
package: -12 mWI'C from 
'OO'C to 12S'C. 


Note 4: This is measured 
per input with all other inputs held at VCC or ground . 
. 


Guaranteed 
Limit 


15 


Symbol 


tpLH, tPHL 


Parameter 


Maximum 
Propagation 
Delay 


TA=25'C 
74HCT 
54HCT 


Symbol 
Parameter 
Conditions 
TA= 
-40to 
85'C 
TA= 
-55 
to 125'C 
Units 
Typ 
Guaranteed 
Limits 


tpLH. tpHL 
Maximum 
Propagation 
Delay 
10 
17 
21 
24 
ns 


tTHL. tTLH 
Maximum 
Output 
Rise & Fall Time 
8 
15 
19 
22 
ns 


CPO 
Power Dissipation 
Capacitance 
(Note 5) 
20 
pF 


CIN 
Input Capacitance 
5 
10 
10 
10 
pF 


Note 
5: Cpo 
determines 
the no load dynamic 
power 
consumption, 
PO=CPD 
Vcc2 
f+lcc 
Vcc. 
and the 
no load dynamic 
current 
consumption, 
15~CPD Vcc 1+lcc· 


Note 
6: Refer to Section 1 for Typical MM54174HCT 
AC Sw~ching Waveforms 
and Test Circuits. 


~National 
~ 
semiconductor 


MM54HCT74/MM74HCT74 
Dual D Flip-Flop with Preset and Clear 


General Description 
The 
MM54HCT74/MM74HCT74 
utilizes 
microCMOSTM 
Technology, 3.0 micron silicon gate N-well CMOS, to 
achieve operation speeds similar to the equivalent LS-TTL 
part. It possesses the high noise immunity and low power 
consumption of standard CMOS integrate!J circuits, along 
with the ability to drive 10 LS-TTL loads. 


This flip-flop has independent data, preset, clear, and clock 
inputs and 0 and 0 outputs. The logic level present at the 
data input is transferred to the output during the positive-go- 
ing transition of the clock pulse. Preset and clear are inde- 
pendent of the clock and accomplished by a low level at the 
appropriate input. 


The 54HCT/74HCT logic family is functionally and pinout 
compatible with the standard 54LS174LS logic family. All 
inputs are protected from damage due to static discharge by 
internal diode clamps to Vcc and ground. 


MM54HCTIMM74HCT devices are intended to interface be- 
tween TTL and NMOS components and standard CMOS 
devices. These parts are also plug in replacements for LS- 
TTL devices and can be used to reduce power consumption 
in existing designs. 


Features 
• 
Typical propagation delay: 20 ns 
• 
Low quiescent current: 40 IJ-Amaxim'um(74HCT series) 


• 
Low input current: 1 IJ-Amaximum 
• 
Fanout of 10 LS-TTL loads 


PHI 


TOP VIEW 


MM54HCT7 
4/MM7 4HCT7 4 


54HCT74 
(J) 
74HCT74 
(J,N) 


Inputs 
Outputs 


PR 
ClR 
ClK 
0 
Q 
Q 


L 
H 
X 
X 
H 
l 


H 
L 
X 
X 
L 
H 
l 
L 
X 
X 
H' 
H' 


H 
H 
i 
H 
H 
L 


H 
H 
i 
L 
L 
H 
H 
H 
L 
X 
00 
00 


Note: 
00 = the level of a before the indicated input condi- 
tions were established. 


-This configuration 
is nonstable; that is, it will not persist when 


preset and clear inputs return to their inactive (high) lavel. 


Absolute Maximum Ratings (Notes 
1 & 2) 
Operating Conditions 


Supply Voltage 
(Vcc) 
-0.5 
to +7.0V 
Mln 
Max 
Units 


DC Input Voltage 
(VIN) 
-1.5 
to Vee+1.5V 
Supply Voltage(Veel 
4.5 
5.5 
V 


DC Output Voltage 
(VOUT) 
-0.5toVee+0.5V 
DC Input or Output Voltage 
0 
Vee 
V 


Clamp Diode Current 
(11K, 10K) 
±20 
mA 
(VIN,VOUT) 


DC Output Current, 
per pin (lOUT) 
±25 
mA 
Operating 
Temperature 
Range(T A) 
MM74HCT 
-40 
+85 
·C 
DC Vee or GND Current, 
per pin (Ieel 
±50 
mA 
MM54HCT 
-55 
+125 
·C 
Storage 
Temperature 
Range (TSTG) 
-65·Cto 
+ 150·C 
Input Rise or Fall Times 
Power Dissipation 
(Po) (Note 3) 
500mW 
(tr,tf) 
500 
ns 


Lead Temperature 
(TLl (Soldering 
10 seconds) 
260·C 


DC Electrical Characteristics 


Vee=5V 
±10% 
(unless 
otherwise 
specified) 


TA=25·C 
74HCT 
54HCT 


Symbol 
Parameter 
Conditions 
TA= 
-40to 
85·C 
TA = -55 
to 125·C 
Units 
Typ 
Guaranteed 
Limits 


VIH 
Minimum 
High Level 
2.0 
2.0 
2.0 
V 


Input Voltage 


VIL 
Maximum 
Low Level 
0.8 
0.8 
0.8 
V 


Input Voltage 


VOH 
Minimum 
High Level 
VIN = VIH or VIL 
Output Voltage 
IloUTI = 20 I'oA 
Vee 
Vee-0.1 
Vee-0.1 
Vee-0.1 
V 


liouTI = 4.0 mA, Vee = 4.5V 
4.2 
3.98 
3.84 
3.7 
V 


IloUTI = 4.8 mA, Vcc = 5.5V 
5.7 
4.98 
4.84 
4.7 
V 


VOL 
Maximum 
Low Level 
VIN = VIH or VIL 
Voltage 
IiOUTI=20 
I'oA 
0 
0.1 
0.1 
0.1 
V 


IIOUTI = 4.0 mA, Vee = 4.5V 
0.2 
0.26 
0.33 
0.4 
V 


IiOUTI=4.8 
mA, Vee=5.5V 
0.2 
0.26 
0.33 
0.4 
V 


IIN 
Maximum 
Input 
VIN=VeeorGND 
±0.1 
±1.0 
±1.0 
I'oA 
Current 


Ice 
Maximum 
Quiescent 
VIN=VeeorGND 
Supply Current 
IOUT=O I'oA 
4.0 
40 
80 
I'oA 


VIN = 2.4V or O.4V (Note 4) 
100 
I'oA 


Note 
1: Absolute 
Maximum 
Ratings are those values beyond which damage to the device may occur. 


Note 2: Unless otherwise 
specified all voltages are referenced 
to ground. 


Note 
3: Power Dissipation temperature 
derating - 
plastic "N" 
package: 
-12 mwrc 
from 
6S<>C to 
85°C; 
ceramic 
"J" 
package: 
-12 
mWrC from 
100·C\0 125"C. 


Note 4: This is measured 
per pin. All other inputs are held at Vcc 
Ground. 


J 


AC Electrical Characteristics 


Vcc=5V. 
TA=25'C. 
CL =15 
pF. tr=tf=6 
ns 
,. 


Symbol 
Parameter 
Conditions 
Typ 
Guaranteed 
Units 
Limit 


fMAX 
Maximum 
Operatin 
50 
30 
MHz 
Frequency 
From Clock 
toQorQ 


tpHL. tpLH 
Maximum 
Propagation 
18 
30 
ns 


Delay Clock to Q or Q 


tpHL. tpLH 
Maximum 
Propagation 
18 
30 
ns 


Delay From Preset or 
Clear to Q or Q 


tREM 
Minimum 
Removal 
Time, 
20 
ns 


Preset or Clear to Clock 


ts 
Minimum 
Set Up Time 
20 
ns 


Data to Clock 


tH 
Minimum 
Hold Time 
-3 
0 
ns 


Clock to Data 


tw 
Minimum 
Pulse Width 
8 
16 
ns 


Clock, 
Preset or Clear 


AC Electrical Characteristics 


Vcc=5.0V±10% 
CL =50 
pF, tr=tf=6 
ns (unless 
otherwise 
specified) 


TA=25'C 
74HCT 
54HCT 


Symbol 
Parameter 
Conditions 
TA= 
-40 
to 85'C 
TA = -55 
to 125'C 
Units 


Typ 
Guaranteed 
Limits 


fMAX 
Maximum 
Operating 
27 
21 
18 
MHz 
Frequency 


tpHL, tpLH 
Maximum 
Propagation 
21 
35 
44 
52 
ns 
Delay From Clock to 
QorQ 


tpHL. tpLH 
Maximum 
Propagation 
21 
35 
44 
52 
ns 
Delay From Preset or 
Clear to Q or Q 


tREM 
Minimum 
Removal 
Time 
20 
25 
30 
ns 
Preset or Clear to Clock 


ts 
Minimum 
Set Up Time 
20 
25 
30 
ns 
Data to Clock 


tH 
Minimum 
Hold Time 
-3 
0 
0 
0 
ns 
Clock to Data 


tw 
Minimum 
Pulse Width 
9 
16 
20 
24 
ns 
Clock, Preset or Clear 


tr.tf 
Maximum 
Input Rise and 
500 
500 
500 
ns 
Fall Time 


tTHL. tTLH 
Maximum 
Output 
15 
19 
22 
ns 
Rise and Fall Time 


CPO 
Power Dissipation 
(per flip-flop) 
pF 
Capacitance 
(Note 5) 


CIN 
Maximum 
Input 
5 
10 
10 
10 
pF 
Capacitance 


Note 
5: Cpo determines the no load dynamic power 
consumption. Po=Cpo 
Vcc2 
f+lcc 
VCC. and the no load 
dynamic 
current 
co~sumption. 
Is~CPD Vcc I+ICC· 


Note 6: Refer to Section 1 for Typical MM54174HCT 
AC SWitching Waveforms 
and Test Circuits . 


. 


~National 
~ 
semiconductor 


MM54HCT1 
09/MM7 
4HCT1 09 


Dual J-K Flip-Flops 
with Preset 
and Clear 


General Description 


These 
high 
speed 
J-K 
FLIP-FLOPS 
utilize 
microCMOSTM 
Technology, 
3.0 
micron 
silicon 
gate 
N-well 
CMOS. 
They 


possess 
the low power consumption 
and high noise immuni- 
ty of standard 
CMOS integrated 
circuits, 
along with the abili- 
ty to drive 10 LS-TIL 
loads. 


Each flip flop has independent 
J, K, PRESET, 
CLEAR, 
and 


CLOCK 
inputs 
and 
0 
and 
0 
outputs. 
These 
devices 
are 


edge 
sensitive 
to the clock 
input and change 
state 
on the 


positive 
going transition 
of the clock pulse. Clear and preset 


are independent 
of the clock 
and 
accomplished 
by a low 


logic level on the corresponding 
input. 


The 
54HCT174HCT 
logic 
family 
is functionally 
as well 
as 


pin-out 
compatible 
with the standard 
54LS174LS 
logic fami- 
ly. All inputs 
are protected 
from 
damage 
due to static 
dis- 


chage 
by internal 
diode 'clamps 
to Vcc 
and ground. 


MM54HCT /MM74HCT 
devices 
are intended 
to interface 
be- 


tween 
TIL 
and 
NMOS 
components 
and 
standard 
CMOS 


devices. 
These 
parts 
are also plug in replacements 
for LS- 


TIL 
devices 
and can be used to reduce 
power consumption 


in existing 
designs. 


Features 


• 
Typical 
propagation 
delay: 
20 ns 


• 
Low input current: 
1 ,...A maximum 


• 
Low quiescent 
current: 
40 ,...A maximum 
(74HCT 
series) 


• 
Output 
drive capability: 
10 LS-TIL 
loads 


ClR 2 
J2 . 
K2 
ClK 2 
PR 2 
02 
02 


10 
II 


ClR 1 
J1 
K1 
ClK 1 
PR 1 
01 
01 
GND 


TL/F/5306-1 


MM54HCT1 09/MM7 
4HCT1 09 


54HCT109 
(J) 
74HCT109 
(J,N) 


Inputs 
Outputs 


PR 
CLR 
ClK 
J 
K 
Q 
Q 


L 
H 
X 
X 
X 
H 
L 


H 
L 
X 
X 
X 
L 
H 


L 
L 
X 
X 
X 
H· 
H· 


H 
H 
i 
L 
L 
L 
H 


H 
H 
i 
H 
L 
TOGGLE 


H 
H 
i 
L 
H 
CO 
00 


H 
H 
i 
H 
H 
H 
L 


H 
H 
L 
X 
X 
00 
Co 


Absolute 
Maximum Ratings 
(Notes 
1 & 2) 
Operating 
Conditions 


Supply Voltage 
(Vcel 
-0.5 
to + 7.0V 
Mln 
Max 
Units 


DC Input Voltage 
(VIN) 
-1.5toVce+1.5V 
Supply Voltage(Vce) 
4.5 
5.5 
V 


DC Output Voltage 
(VOUT) 
-0.5 
to Vce + 0.5V 
DC Input or Output Voltage 
0 
Vce 
V 


Clamp Diode Current 
(11K, 10K) 
±20mA 
(VIN,VOUT) 


DC Output Current, 
per pin (lOUT) 
±25mA 
Operating 
Temperature 
Range(T A) 
MM74HCT 
-40 
+85 
·C 
DC Vce or GND Current, 
per pin (Icel 
±50mA 
MM54HCT 
-55 
+125 
·C 
Storage 
Temperature 
Range (TSTG) 
-65·Cto 
+ 150·C 
Input Rise or Fall Times 
Power Dissipation 
(Po) (Note 3) 
500mW 
(tr, tt> 
500 
ns 


Lead Temperature 
(Tu (Soldering 
10 seconds) 
260·C 


DC Electrical 
Characteristics 


Vce=5V 
±100/0 (unless 
otherwise 
specified) 


TA=25·C 
74HCT 
54HCT 


Symbol 
Parameter 
Conditions 
TA= 
-40 
to 85·C 
TA= 
-55 
to 125·C 
Units 
Typ 
Guaranteed 
Limits 


VIH 
Minimum 
High Level 
2.0 
2.0 
2.0 
V 


Input Voltage 


VIL 
Maximum 
Low Level 
0.8 
0.8 
0.8 
V 


Input Voltage 


VOH 
Minimum 
High Level 
VIN = VIH or VIL 
Output Voltage 
IIOUTI=20 
/LA 
Vce 
Vce-0.1 
Vce-0.1 
Vce-0.1 
V 


IIOUTI = 4.0 mA, Vcc = 4.5V 
4.2 
3.98 
3.84 
3.7 
V 


IIOUTI=4.8 
mA, Vce=5.5V 
5.7 
4.98 
4.84 
4.7 
V 


VOL 
Maximum 
Low Level 
VIN=VIHorVIL 
Voltage 
IIOUTI = 20 /LA 
0 
0.1 
0.1 
0.1 
V 


IIOUTI=4.0 
mA, Vcc=4.5V 
0.2 
0.26 
0.33 
0.4 
V 


\IOUTI=4.8 
mA, Vce=5.5V 
0.2 
0.26 
0.33 
0.4 
V 


IIN 
Maximum 
Input 
VIN = Vce or GND 
±0.1 
±1.0 
±1.0 
/LA 
Current 


Ice 
Maximum 
Quiescent 
VIN=VCC 
or GND 
4.0 
40 
80 
/LA 
Supply Current 
IOUT=O 
/LA 
F-F 


VIN = 2.4V or 0.4V (Note 4) 
100 
/LA 


Note 1: AbsoluteMaximumRatingsare thosevaluesbeyondwhichdamageto the devicemay occur. 
Note 2: Unlessotherwisespecifiedall voltagesare referencedto ground. 


Note 3: Power Dissipationtemperature derating - 
plastic "N" package: -12 
mWrC from 6S·C to 8S·C; ceramic "J" package: -12 
mWrC from 
l00·C to 12S·C. 
Note 4: Measuredper pin,all other inputsheld at Vcc or GND. 


'" 


- - 
.. 
- 


Symbol 
Parameter 
Conditions 
Typ 
Guaranteed 
Units 
Limit 


fMAX 
Maximum 
Operating 
50 
30 
MHz 


Frequency 


tPHl. tPlH 
Maximum 
Propagation 
18 
30 
ns 


Delay From Clock to a or Q 


tPHl. tplH 
Maximum 
Propagation 
18 
30 
ns 


Delay From Preset or Clear to a or Q 


tREM 
Minimum 
Removal 
Time. 
20 
ns 


Preset or Clear to Clock 


Is 
Minimum 
Set Up Time 
10 
20 
ns 
J or K Clock 


tH 
Minimum 
Hold Time 
-3 
0 
ns 


Clock to J or K 


tw 
Minimum 
Pulse Width 
8 
16 
/ 
ns 


Clock, 
Preset or Clear 


AC Electrical 
Characteristics 


Vcc=5.0V 
±10% 
Cl =50 
pF. tr=tf=6 
ns (unless 
otherwise 
specified) 


TA=25'C 
74HCT 
54HCT 


Symbol 
Parameter 
Conditions 
TA=-40t085'C 
TA = -55 
to 125'C 
Units 
Typ 
Guaranteed 
Limits 


fMAX 
Maximum 
Operating 
27 
22 
18 
MHz 
Frequency 


tPHl. tplH 
Maximum 
Propagation 
22 
35 
44 
52 
ns 


Delay From Clock to 
aorQ 


tPHl. tplH 
Maximum 
Propagation 
22 
35 
44 
52 
ns 


Delay From Preset 
or Clear to a or Q 


tREM 
Minimum 
Removal 
Time 
20 
25 
30 
ns 


Preset or Clear to Clock 


ts 
Minimum 
Set Up Time 
10 
20 
25 
30 
ns 
J or K to Clock 


tH 
Minimum 
Hold Time 
-3 
0 
0 
0 
ns 


Clock to J or K 


tw 
Minimum 
Pulse Width 
16 
20 
24 
ns 
Clock. Preset or Clear 


tr• tf 
Maximum 
Input Rise and 
500 
500 
500 
ns 


Fall Time 


tTHl. tTlH 
Maximum 
Output 
15 
19 
22 
ns 


Rise and Fall Time 


CPD 
Power Dissipation 
(per flip-flop) 
pF 
Capacitance 
(Note 5) 


CIN 
Maximum 
Input 
5 
10 
10 
10 
pF 


Capacitance 


Note 
5: CPD determines 
the 
no load dynamic 
power 
consumption, 
Po-Cpo 
Vcc2 
f+ICC 
Vcc. 
and the no load 
dynamic 
current 
consumption, 


Is-Cpo 
Vcc·f+lcc· 


Note 6: Refer to Section 1 for Typical MM54174HCT 
AC Switching Waveforms and Test Circuits. 


~National 
~ 
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General Description 
This decoder utilizes microCMOSTMTechnology, 3.0 micron 
silicon gate N-well CMOS, and are well suited to memory 
address decoding or data routing applications. Both circuits 
feature high noise immunity and low power consumption 
usually associated with CMOS circuitry, yet have· speeds 
comparable to low power Schottky TIL logic. 


The MM54HCT138/MM74HCT138 have 3 binary select in- 
puts (A, B, and C). If the device is enabled these inputs 
determine which one of the eight normally high outputs will 
go low. Two active low and one active high enables (G1, 
G2A and G2B) are provided to ease the cascading de- 
coders., 
- - 


The decoders' output can drive 10 low power Schottky TIL 
equivalent loads and are functionally and pin equivalent to 
the 54LS138/74LS138. All inputs are protected from dam- 
age due to static discharge by diodes to Vcc and ground. 


MM54HCTIMM74HCT devices are intended to interface be- 
tween TIL 
and NMOS components and standard CMOS 
devices. These parts are also plug in replacements for LS- 
TIL devices and can be used to reduce power consumption 
in existing designs. 


Features 
• 
TIL Input Compatible 
• 
Typical propagation delay: 20 ns 
• 
Low quiescent current: 80 ".A maximum (74HCT series) 
• 
Low input current: 1 ".A maximum 
• 
Fanout of 10 LS-TIL loads 


Connection 
Diagram 


Dual-In-Llne 
Package 


TL/F/5120-1 
MM54HCT138/MM74HCT138 


54HCT138 
(J) 
74HCT138 
(J,N) 


Inputs 
Outputs 
Enable 
Select 


G1 
G2' 
C 
B 
A 
YO 
Y1 
Y2 
Y3 
Y4 
Y5 
YB 
Y7 


X 
H 
X 
X 
X 
H 
H 
H 
H 
H 
H 
H 
H 
L 
X 
X 
X 
X 
H 
H 
H 
H 
H 
H 
H 
H 
H 
L 
L 
L 
L 
L 
H 
H 
H 
H 
H 
H 
H 
H 
L 
L 
L 
H 
H 
L 
H 
H 
H 
H 
H 
H 
H 
L 
L 
H 
L 
H 
H 
L 
H 
H 
H 
H 
H 
H 
L 
L 
H 
H 
H 
H 
H 
L 
H 
H 
H 
H 
H 
L 
H 
L 
L 
H 
H 
H 
H 
L 
H 
H 
H 
H 
L 
H 
L 
H 
H 
H 
H 
H 
H 
L 
H 
H 
H 
L 
H 
H 
L 
H 
H 
H 
H 
H 
H 
L 
H 
H 
L 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
L 


Absolute Maximum Ratings (Notes 
1 & 2) 
Operating Conditions 


Supply Voltage 
(Veel 
-0.5 
to + 7.0V 
Mln 
Max 
Units 


DC Input Voltage 
(VIN) 
-1.5 
to Vee+1.5V 
Supply Voltage(Vcc) 
4.5 
5.5 
V 


DC Output Voltage 
(VOUT) 
-0.5 
to Vcc+0.5V 
DC Input or Output Voltage 
0 
Vcc 
V 


Clamp Diode Current 
(11K,10K> 
±20mA 
(VIN,VOUT) 


DC Output 
Current, 
per pin (lOUT) 
±25mA 
Operating 
Temperature 
Range(T A> 
MM74HCT 
-40 
+85 
'c 


DC Vee or GND Current, 
per pin (Ieel 
±50mA 
MM54HCT 
-55 
+125 
'c 


Storage 
Temperature 
Range (TSTG) 
-65'Cto 
+ 150'C 
Input Rise or Fall Times 


Power Dissipation 
(Po) (Note 3) 
500mW 
(t.-, tt> 
500 
ns 


Lead Temperature 
(TLl (Soldering 
10 seconds) 
260'C 


DC Electrical Characteristics 


Vee=5V 
±10% 
(unless 
otherwise 
specified) 


TA=25'C 
74HCT 
54HCT 


Symbol 
Parameter 
Conditions 
TA= 
-40to 
85'C 
TA= 
-55 
to 125'C 
Units 
Typ 
Guaranteed 
Limits 


VIH 
Minimum 
High Level 
2.0 
2.0 
2.0 
V 


Input Voltage 


VIL 
Maximum 
Low Level 
0.8 
0.8 
0.8 
V 


Input Voltage 


VOH 
Minimum 
High Level 
V,N = VIH or VIL 


Output Voltage 
IIOUTI=20",A 
Vee 
Vcc-0.1 
Vcc-0.1 
Vee-0.1 
V 


IIOUTI=4.0mA, 
Vee=4.5V 
4.2 
3.98 
3.84 
3.7 
V 


IloUTt=4.8 
mA, Vee=5.5V 
5.7 
4.98 
4.84 
4.7 
V 


VOL 
Maximum 
Low Level 
VIN = VIH or VIL 


Voltage 
Ii0UTI = 20 ",A 
0 
0.1 
0.1 
0.1 
V 


IIOUTI=4.0 
mA, Vcc=4.5V 
0.2 
0.26 
0.33 
0.4 
V 


IIOUTI=4.8 
mA, Vcc=5.5V 
0.2 
0.26 
0.33 
0.4 
V 


IIN 
Maximum 
Input 
VIN=VCC 
or GND 
±0.1 
±1.0 
±1.0 
",A 


Current 


Ice 
Maximum 
Quiescent 
VIN=VCC 
or GND 
8.0 
80 
160 
",A 
Supply Current 
10UT=0",A 


VIN=2AVorOAV 
(Note 4) 
100 


- 


",A 


Note 
1: Absolute 
Maximum Ratings are those values beyond whtch damage to the device may occur. 


Note 
2: Unless otherwise 
specified 
all voltages are referenced 
to ground. 


Note 
3: Power Dissipation temperature 
derating - 
plastic "N" 
package: 
-12 
mwrc 
from 65°C to 85°C; ceramk: "J" 
package: 
-12 
mWI'C 
from 
1QQ'C to 125'C. 


Note 
4: This is measured 
per input pin. All other inputs are held at Vcc 
or ground. 


, 


AC Electrical Characteristics 
TA=25"C, 
Vcc=5.0V, 
tr=tf=6 
ns CL =15 
pF (unless 
otherwise 
specified) 


Symbol 
Parameter 
Conditions 
Typ 
Guaranteed 
Units 
Limit 


tPHL 
Maximum 
Propagation 
Delay, A, B, or C to Output 
20 
35 
ns 


tpLH 
Maximum 
Propagation 
Delay, A, B, or C to Output 
13 
25 
ns 


tpHL 
Maximum 
Propagation 
Delay, G1 to Y Output 
14 
25 
ns 


tpLH 
Maximum 
Propagation 
Delay, G1 to Y Output 
13 
25 
ns 


tpHL 
Maximum 
Propagation 
Delay, G2A or G2B to Y Output 
17 
30 
ns 


tpLH 
Maximum 
Propagation 
Delay, G2A or G2B to Y Output 
13 
25 
ns 


AC Electrical Characteristics 


Vcc=5V 
±100/0 CL =50 
pF, tr=tf=6 
ns (unless 
otherwise 
specified) 


TA=25"C 
74HCT 
54HCT 


Symbol 
Parameter 
Conditions 
TA= 
-40 
to 85"C 
T= 
-55 
to 125"C 


Units 


Typ 
Guaranteed 
Limits 


tPHL 
Maximum 
Propagation 
Delay 
24 
40 
50 
60 
ns 


A, B, or C to Output 


tpLH 
Maximum 
Propagation 
Delay 
18 
30 
38 
45 
ns 


A, B, or C to Output 


tpHL 
Maximum 
Propagation 
Delay 
17 
30 
38 
45 
ns 


G1 to Y Output 


tpLH 
Maximum 
Propagation 
Delay 
20 
30 
38 
45 
ns 


G1 to Y Output 


tpHL 
Maximum 
Propagation 
Delay 
23 
35 
43 
52 
ns 
G2A or G2B to Y Output 


tpLH 
Maximum 
Propagation 
Delay 
18 
30 
38 
45 
ns 
G2A or G2B to Y Output 


tTHL, tTLH 
Maximum 
Output 
15 
19 
22 
ns 
Rise and Fall Time 


CIN 
Input Capacitance 
5 
10 
10 
pF 


CPD 
Power Dissipation 
pF 
Capacitance 
(Note 5) 


Note 
5: Cpo 
determines 
the 
no 
load 
dynamic 
power 
consumption, 
PO=CPD Vcc2 
f+lcc 
Vcc. 
and the no load dynamic current 
consumption, 


Is~CPD VCCI+ICC' 
Note 6: Referto Section1 lor TypicalMM54174HCTAC Sw~chingWaveformsandTest Circuits. 


/ 
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~National 
~ 
semiconductor 


General Description 


This decoder 
utilizes 
microCMOSTM 
Technology, 
3.0 micron 
silicon 
gate N-well CMOS, 
and is well suited to memory 
ad- 
dress 
decoding 
or data 
routing 
applications. 
It possesses 
the high noise immunity 
and low power consumption 
usually 
associated 
with CMOS circuitry, 
yet has speeds 
comparable 
to low power 
Schottky 
TIL 
logic. 


The 
MM54HCT139/MM74HCT139 
contains 
two 
indepen- 
dent one-of-four 
decoders 
each with a single active 
low en- 
able input (G1, or G2). Data on the select 
inputs (A1 and 81, 
or A2 and 82) cause 
one of the four normally 
high outputs 
to go low. 


These 
devices 
are input and output 
characteristic 
and pin- 
out compatible 
with standard 
DM54LS/74LS 
logic families. 
All inputs 
are protected 
from 
static 
discharge 
damage 
by 
internal 
diodes 
to Vcc 
and ground. 
MM54HCT/MM74HCT 


devices 
are intended 
to interface 
between 
TIL 
and NMOS 
components 
and standard 
CMOS devices. 
These 
parts are 
also 
plug in replacements 
for LS-TIL 
devices 
and can be 
used to reduce 
power 
consumption 
in existing 
designs. 


Features 


• 
LS-TIL 
pin-out 
and threshold 
compatibility 


• 
Typical 
propagation 
delays: 


Select 
to output 
(4 delays): 
19 ns 


Select 
to output 
(5 delays): 
24 ns 


Enable 
to output: 
20 ns 


• 
Fanout 
of 10 LS-TIL 
loads 


ENABLE.1 
8' 
1'(0 
1Yl 
lY2 
lY3 
GfrC) 
G 1 
_ 


SELECT 
DATA OUTPUTS 


MM54HCT139/MM74HCT139 


54HCT139 
(J) 
74HCT139 
(J,N) 


Inputs 
Outputs 
Enable 
Select 


G 
B 
A 
VO 
V1 
V2 
V3 


H 
X 
X 
H 
H 
H 
H 


L 
L 
L 
L 
H 
H 
H 


L 
L 
H 
H 
L 
H 
H 


L 
H 
L 
H 
H 
L 
H 


L 
H 
H 
H 
H 
H 
L 


....{ 


v, 


OUTPUTS 


V2 


V3 


TUF/5311-2 


5-22 


Absolute 
Maximum Ratings 
(Notes 1 & 2) 
Supply Voltage (Vee) 
- 0.5 to + 7.0V 


DC Input Voltage (VIN) 
-1.5 to Vee+1.5V 
DC Output Voltage (VOUT) 
-0.5 to Vee+0.5V 


Clamp Diode Current (11K. 10K) 
± 20 mA 


DC Output Current. per pin (lOUT) 
± 25 mA 


DC Vee or GND Current. per pin (Ieel 
± 50 mA 
Storage Temperature Range (T8TG) 
- 65·C to + 150·C 


Power Dissipation (Po) (Note 3) 
500 mW 
lead Temperature (TJ (Soldering 10 seconds) 
260·C 


Operating 
Conditions 


Mln 
4.5 
o 


Max 
Units 


5.5 
V 


vee 
V 


+65 
·C 
+125 
·C 


500 
ns 


Supply Voltage (Vce) 
DC Input or Output Voltage 


(VIN.VOUT) 


Operating Temperature Range (TA) 
MMMHm 
-~ 
MM54HCT 
-55 


Input Rise or Fall Times 


(tr.ttl 


DC Electrical Characteristics 
(Note 4) 
Vee=5V 
±100/0(unless otherwise specified) 


TA=25·C 
74HCT 
54HCT 


Symbol 
Parameter 
Conditions 
TA= -40 to 85·C 
TA = -55 
to 125·C 
Units 
Typ 
Guaranteed 
Limits 


VIH 
Minimum High level 
2.0 
2.0 
2.0 
V 
Input Voltage 


VIL 
Maximum Low Level 
0.6 
0.6 
0.6 
V 
Input Voltage 


VOH 
Minimum High Level 
VIN= VIHor VIL 
Output Voltage 
IIOUTI= 20 /LA 
Vee 
Vee-0.1 
Vee-0.1 
Vee-0.1 
V 


liouTI=4.0 
mA, Vee=4.5V 
4.2 
3.96 
3.64 
3.7 
V 


liouTI=4.6 
mA, Vce=5.5V 
5.7 
4.96 
4.64 
4.7 
V 


VOL 
Maximum Low Level 
VIN= VIHor VIL 
Voltage 
liouTI = 20 /LA 
0 
0.1 
0.1 
0.1 
V 


liouTI = 4.0 mA. Vee = 4.5V 
0.2 
0.26 
0.33 
0.4 
V 
liouTI=4.6 
mA. Vee=5.5V 
0.2 
0.26 
0.33 
004 
V 


IIN 
Maximum Input 
VIN=VeeorGND' 
±0.1 
±1.0 
±1.0 
/LA 
Current 


loz 
Maximum Tri·State~ 
VOUT=VeeorGND 
±0.5 
±5.0 
±10 
/LA 
Output Leakage 
Enable= VIHor VIL 
Current 


Ice 
Maximum Quiescent 
VIN= Vee or GND 
6.0 
60 
160 
/LA 
Supply Current 
IOUT=O/LA 


VIN= 2.4V or Oo4V(Note 4) 
100 
/LA 


Note 1: Absolute 
Maximum 
Ratings 
are those values beyond 
which damage 
to the device may occur. 


Note 
2: Unless otherwise 
specified 
all voltages 
are referenced 
to ground. 


Note 
3: Power Dissipation temperature 
derating - 
plastic "N" 
package: 
-12 
mwrc 
from 65°C 
to 85°C; ceramic "J" 
package: 
-12 
mwrc 
from 
100·C to 12S·C, 


Note 4: Measured per pin, all other inputs held at Vcc and GND. 


Symbol 
Parameter 
Typ 


"..Uellelilloce,", 
Units 
Limit 


tpHL. tpLH 
Maximum 
Propagation 
19 
30 
ns 


Delay Binary Select to Any Output 


4 levels of delay 


tpHL. tpLH 
Maximum 
Propagation 
Delay 
24 
38 
ns 


Binary Select to Any Output 


5 levels of delay 


tpHL. tpLH 
Maximum 
Propagation 
Delay 
20 
30 
ns 


Enable to any Output 


AC Electrical Characteristics 
Vcc=5V±10%, 
tr=tf=6 
ns. CL =50 
pf 
(unless 
otherwise 
noted.) 


TA=25'C 
74HCT 
54HCT 


Symbol 
Parameter 
TA= 
-40'C 
to 85'C 
TA = -55 
to 125'C 
Units 
Typ 
Guaranteed 
Limits 


tpHL. tpLH 
Maximum 
Propagation 
21 
35 
44 
53 
ns 


Delay. Binary Select to Any 


Output. 
4 levels of delay 


tpHL. tpLH 
Maximum 
Propagation 
26 
44 
55 
66 
ns 


Delay. Binary Select to Any 


Output. 
5 levels of delay 


tpHL. tpLH 
Maximum 
Propagation 
Delay 
21 
35 
44 
53 
ns 


Enable to Any Output 


tTHL. tTLH 
Maximum 
Output 
Rise 
9 
15 
19 
22 
ns 


and Fall Time 


Cpo 
Power Dissipation 
pF 


Capacitance 
(Note 5) 


CIN 
Maximum 
Input 
5 
10 
10 
10 
pF 


Capacitance 


Note 
5: CPO determines 
the 
no 
load 
dynamic 
power 
consumption, 
Po=Cpo vee2 
f+ Ice 
Vcc. 
and 
the 
no 
load 
dynamic 
current 
consumption. 
Is-Cpo vee f+lee· 
Note 6: Referto Section1 for TypicalMM54174HCTAC SWitcl1ingWaveformsandTest Circu~s. 


~National 
~ 
semiconductor 


MM54HCT149/MM74HCT149 
8 Line to 8 Line Priority Encoder 


General Description 
This priority encoder 
is· implemented in microCMOSTM 
Technology, 3.0 micron silicon gate N-well CMOS. It has the 
high noise immunity and low power consumption typical of 
CMOS circuits, as well as the speeds and output drive simi- 
lar to LS-TIL. 


This priority, encoder accepts 8 input request lines, A17- 
AID,and outputs 8 lines, A07-AOO. It is the logical combi- 
nation of a '148 8-3 line priority encoder driving a '138 3-8 
line decoder. Only one request output can be low at a time. 
The output that is low is dependent on the highest priority 
request input that is low. The order of priority is AI7 highest 
and AID lowest. Also provided is and enable input, AOE, 
which when high forces all outputs high. A request output 
is also provided, ROP, which goes low when any AT is 
active. 


All inputs to this device are protected from damage due to 
electrostatic discharge by diodes to Vcc and Ground. 


MM54HCTIMM74HCT devices are intended to interface be- 
tween TIL 
and NMOS components and standard CMOS 
devices. These parts are also plug in replacements for LS- 
TIL devices and can be used to reduce power consumption 
in existing designs. 


Features 
• 
Typical propagation delay: 20 ns 
• 
Low quiescent current: 80 p.A maximum (74HCT series) 
• 
Low input current: 1 p.A maximum 
• 
Fanout of 10 LS-TIL loads 
• 
Internal switched pull up resistors provided to reduce 
power consumption 


MM54HCT149/MM74HCT149 


54HCT149 
(J) 
74HCT149 
(J,N) 


Inputs 
Outputs 


0 
1 2 3 4 5 6 7 
RQE 
0 
1 2 3 4 5 6 7 
RQP 


X X X X X X X X 
H 
H H H H H H H H 
H 
H H H H H H H H 
L 
H H HH 
H H H H 
H 
X X X X X X X L 
L 
H H H H H H H L 
L 
X X X X X X L H 
L 
H H H H H H L H 
L 
X X X X X L H H 
L 
H H H H H L H H 
L 
X X X X L H H H 
L 
H H H H L H H H 
L 
X X X L H H H H 
L 
H H H L H H H H 
L 
X X L H H H H H 
L 
H H L H H H H H 
L 
X L H H H H H H 
L 
H L H H H H H H 
L 
L H H H H H H H 
L 
L H H H H H H H 
L 


Absolute 
Maximum Ratings 
(Notes 
1 & 2) 
Operating 
Conditions 


Supply Voltage 
(Vee) 
-0.5 
to + 7.0V 
Mln 
Max 
Units 


DC Input Voltage 
(VIN) 
-1.5toVee+1.5V 
Supply Voltage 
(Vee) 
4.5 
5.5 
V 


DC Output Voltage 
(VOUT) 
-0.5 
to Vee+0.5V 
DC Input or Output Voltage 
0 
Vee 
V 


Clamp Diode Current 
(11K, lot<! 
±20mA 
(VIN,VOUT) 


DC Output Current, 
per pin (lOUT) 
±35mA 
Operating 
Temperature 
Range (TA> 
MM74HCT 
-40 
+85 
·C 
DC Vee or GND Current, 
per pin (Ieel 
±70mA 
MM54HCT 
-55 
+125 
·C 
Storage 
Temperature 
Range (T8TG) 
-65·Cto 
+150·C 
Input Rise or Fall Times 


Power Dissipation 
(Po) (Note 3) 
500mW 
(t,.. tll ' 
500 
ns 


lead 
Temperature 
(T L.l(Soldering 
10 seconds) 
260·C 


DC Electrical Characteristics 
Vee=5V 
±100/0 (unless 
otherwise 
specified) 


TA=2S·C 
74HCT 
S4HCT 


Symbol 
Parameter 
Conditions 
TA = -40 
to 8S·C 
TA= 
-SSto 
12S·C 
Units 
Typ 
Guaranteed 
Limits 


VIH 
Minimum 
High level 
2.0 
2.0 
2.0 
V 


Input Voltage 


VIL 
Maximum 
low 
level 
0.8 
0.8 
0.8 
V 


Input Voltage 


VOH 
Minimum 
High level 
VIN=VIH 
orVIL 
Output Voltage 
IIOUTI = 20 /LA 
Vee 
Vee-0.1 
Vee-0.1 
Vee-0.1 
V 


IIOUTI =4.0 
mA, Vee=4.5V 
4.2 
3.98 
3.84 
3.7 
V 


IIOUTI = 4.8 mA, Vee = 5.5V 
5.7 
4.98 
4.84 
4.7 
V 


VOL 
Maximum 
low 
level 
VIN = VIH or VIL 
Voltage 
IIOUTI = 20 /LA 
0 
0.1 
0.1 
0.1 
V 


HOUTI= 4.0 mA, Vee = 4.5V 
0.2 
0.26 
0.33 
0.4 
V 


IIOUTI=4.8 
mA, Vee=5.5V 
0.2 
0.26 
0.33 
0.4 
V 


IIN 
Maximum 
Input Current 
VIN = Vee or GND 
±0.1 
±1.0 
±1.0 
/LA 


Ice 
Maximum 
Quiescent 
VIN=Vee 
or GND 
8.0 
80 
160 
/LA 
Supply Current 
IOUT=O/LA 


VIN=2.4Vor 
0.4V (Note 4) 
100 
/LA 


Note 
t: Absolute 
Maximum 
Ratings are those values beyond which damage to the device may occur. 


Note 2: Unless otherwise 
speCified all voltages are referenced 
to ground. 


Note 
3: Power 
Dissipation 
temperature 
derating 
- 
plastic 
"N" 
package: 
-12 
mWI'C 
from 
65·C 
to 85·C; 
ceramic 
"J" package: 
-12 
mWI'C 
from 


100·C to 125·C. 


Note 
4: Measured 
per Input, other inputs held at Vcc 
or GND. 


- 


Symbol 
Parameter 
Conditions 
Typ 
Guaranteed 
Limit 
Units 


tpHL tPLH 
Maximum 
Propagation 
Delay ROE to any Output 
16 
20 
ns 


tpLH tPHL 
Maximum 
Propagation 
Delay RIN to RON (same Output) 
17 
22 
ns 


tpHL. tpLH 
Maximum 
Propagation 
Delay RIN to a different 
Output 
18 
23 
ns 


_" 
74HCT 
S4HCT 


Symbol 
Parameter 
Conditions 
TA-2S 
C TA= 
-40to 
8S"CTA= 
-SSto 
12S"C Units 
Typ 
Guaranteed 
Limits 


tpHL. tpLH Maximum 
Propagation 
Delay ROE to any Output 
17 
23 
29 
3S 
ns 


tpLH. tpHL Maximum 
Propagation 
Delay RIN to RON (same Output) 
18 
25 
31 
46 
ns 


IpHL. tpLH Maximum 
Propagation 
Delay RIN to a different 
Output 
20 
26 
33 
39 
ns 


tTHL. tTLH Maximum 
Output 
Rise and Fall Time 
10 
15 
19 
22 
ns 


CPO 
Power Dissipation 
Capacitance 
(NoteS) 
50 
pF 


CIN 
Maximum 
Input Capacitance 
5 
10 
10 
10 
pF 


Note 
5: CPO determines 
the 
no 
load 
dynamic 
power 
consumption, 
Po=Cpo 
Ycc2 
f+lcc 
Vcc, 
and 
the 
no 
load 
dynamic 
current 
consumption, 
Is=Cpo 
Vcc f+lcc· 


Note 6: Refer to Section 1 for Typical MM54/~4HCT 
AC Switching Waveforms and Test Circuits. 


MM54HCT240/MM74HCT240 
Inverting Octal TRI-STATE® Buffer 
MM54HCT241/MM74HCT241 
Octal TRI-STATE Buffer 
MM54HCT244/MM74HCT244 
Octal TRI-STATE Buffer 


General 
Description 
These TRI-STATE buffers utilize microCMOSTMTechnolo- 
gy, 3.0 micron silicon gate N-well CMOS, and are general 
purpose high speed inverting and non-inverting buffers. 
They possess high drive current outputs which enable high 
speed operation even when driving large bus capacitances. 
These circuits achieve speeds comparable to low power 
Schottky devices, while retaining the low power consump- 
tion of CMOS. All three devices are TIL input compatible 
and have a fanout of 15 LS-TIL equivalent inputs. 
MM54HCTIMM74HCT devices are intended to interface be- 
tween TIL 
and NMOS components and standard CMOS 
devices. These parts are also plug in.replacements for LS- 
TIL devices and can be used to reduce power consumption 
in existing designs. 
The MM54HCT240/MM74HCT240 
is an inverting buffer 
and the MM54HCT244/MM74HCT244 is non-inverting buff- 


er. Each device has two active low enables (1G and 2G), 
and 
each 
enable 
independently 
controls 
4 
buffers. 


MM54HCT241/MM74HCT241 is also a non-inverting buffer 
like the 244 except that the 241 has one active high enable, 
each again controlling 4 buffers. 


All inputs are protected from damage due to static dis- 
charge by diodes to Vcc and Ground. 


Features 
• 
TIL input compatible 
• 
Typical propagation delay: 12 ns 
• 
TRI-STATE outputs for connection to system buses 
• 
Low quiescent current: 80 ",A 
• 
Output current: 6 mA 


MM54HCT240/MM74HCT240 


54HCT240 
(J) 
74HCT240 
(J,N) 
MM54HCT241/MM74HCT241 


54HCT241 
(J) 
74HCT241 
(J,N) 


MM54HCT244/MM74HCT244 


54HCT244 
(J) 
74HCT244 
(J,N) 


Absolute Maximum Ratings (Notes 
1 & 2) 
Operating Conditions 


Supply Voltage 
(Vcel 
-0.5 
to +7.0V 
Min 
Max 
Units 


DC Input Voltage 
(VIN) 
-1.5 
to Vcc+1.5V 
Supply Voltage(Vcel 
4.5 
5.5 
V 


DC Output Voltage 
(VOUT) 
-0.5 
to Vcc+ 
0.5V 
DC Input or Output Voltage 
0 
VCC 
V 


Clamp Diode Current 
(11K,10K> 
±20mA 
(VIN,VOUT) 


DC Output Current, 
per pin (lOUT) 
±35mA 
Operating 
Temperature 
Range(T Al 
MM74HCT 
-40 
+85 
'C 
DC Vcc or GND Current, 
per pin (Icel 
±70 
mA 
MM54HCT 
-55 
+125 
'C 
Storage 
Temperature 
Range (T8m) 
-65'C 
to + 150'C 
Input Rise or Fall Times 
Power Dissipation 
(Po) (Note 3) 
500mW 
(t" tll 
500 
ns 


Lead Temperature 
(TLl (Soldering 
10 seconds) 
260'C 


DC Electrical Characteristics 


Vcc=5V 
±10% 
(unless 
otherwise 
specified) 


TA=25'C 
74HCT 
54HCT 


Symbol 
Parameter 
Conditions 
TA= 
-40 
to 85'C 
TA = -55 
to 125'C 
Units 
Typ 
Guaranteed 
Limits 


VIH 
Minimum 
High Level 
2.0 
2.0 
2.0 
V 


Input Voltage 


VIL 
Maximum 
Low Level 
0.8 
0.8 
0.8 
V 


Input Voltage 


VOH 
Minimum 
High Level 
VIN = VIH or VIL 
Output Voltage 
IIOUTI=20 
I-'A 
Vcc 
VCC-0.1 
VCC-0.1 
VCC-0.1 
V 


IIOUTI=6.0 
mA, Vcc=4.5V 
4.2 
3.98 
3.84 
3.7 
V 


IIOUTI=7.2 
mA, Vcc=5.5V 
5.7 
4.98 
4.84 
4.7 
V 


VOL 
Maximum 
Low Level 
VIN=VIHorVIL 
Voltage 
IIOUTI = 20 I-'A 
0 
0.1 
0.1 
0.1 
V 


IIOUTI=6.0 
mA, Vcc=4.5V 
0.2 
0.26 
0.33 
0.4 
V 


liouTI=7.2 
mA, Vcc=5.5V 
0.2 
0.26 
0.33 
0.4 
V 


IIN 
Maximum 
Input 
VIN=VccorGND 
±0.1 
±1.0 
±1.0 
I-'A 
Current 


10Z 
Maximum 
TRI-STATE 
VOUT=VCcorGND 
±0.5 
±5.0 
±10 
I-'A 
Output 
Leakage 
G=VIH 
Current 
G=GND 


Icc 
Maximum 
Quiescent 
VIN = Vcc or GND 
8.0 
80 
160 
I-'A 
Supply Current 
10UT=0 
I-'A 


VIN = 2AV or OAV (Note 4) 
100 
I-'A 


Note 
1: Absolute 
Maximum 
Ratings are those values beyond whieh damage to the device may occur. 


Note 
2: Unless otherwise 
specified all voltages 
are referenced 
to ground. 


Note 
3: Power 
Dissipation 
temperature 
derating 
- 
plastic 
"N" 
package: 
-12 
mWrC 
from 65°C to 85°C; ceramic "J" 
packaga: 
-12 
mWrC 
from 
100°C to 125~C. 


Note 
4: Measured 
per input. All other inputs at Vcc 
or GND. 


Truth Tables 


'HC240 
'HC241 
'HC244 


1G 
1A 
1Y 
2G 
2A 
2Y 
1G 
1A 
1Y 
2G 
2A 
2Y 
1G 
1A 
1Y 
2G 
2A 
2Y 


L 
L 
H 
L 
L 
H 
L 
L 
L 
L 
L 
Z 
L 
L 
L 
L 
L 
L 
L 
H 
L 
L 
H 
L 
L 
H 
H 
L 
H 
Z 
L 
H 
H 
L 
H 
H 
H 
L 
Z 
H 
L 
Z 
H 
L 
Z 
H 
L 
L 
H 
L 
Z 
H 
L 
Z 


H 
H 
Z 
H 
H 
Z 
H 
H 
Z 
H 
H 
H 
H 
H 
Z 
H 
H 
Z 


H=high 
level, L=low 
level, Z=high 
impedance 


AC Electrical 
Characteristics 
MM54HCT240/MM74HCT240 


Vcc=5.0V. 
t,=tf=6 
ns TA = 25"C. (unless 
otherwise 
specified) 


Symbol 
Parameter 
Conditions 
Typ 
Guaranteed 
Units 
Limits 


tpHL. tpLH 
Maximum 
Output 
CL =45 
pF 
12 
18 
ns 


Propagation 
Delay 


tpZL. tpZH 
Maximum 
Output 
CL =45pF 
14 
28 
ns 


Enable Time 
RL =1 kO 


tpLZ. tpHZ 
Maximum 
Output 
CL =5 
pF 
13 
25 
ns 


Disable Time 
RL =1 kO 


AC Electrical 
Characteristics 
MM54HCT240/MM74HCT240 


Vcc=5.0V 
±10%. 
tr=tf=6 
ns (unless 
otherwise 
specified) 
. 


TA=2S"C 
74HCT 
S4HCT 


~ymbol 
Parameter 
Conditions 
T,,= 
-40 
to8S"C 
T,,= 
-SSto 
12S"C 
Units 
Typ 
Guaranteed 
Limits 


tpHL. tpLH 
Maximum 
Output 
CL =50 
pF 
12 
20 
25 
30 
ns 


Propagation 
Delay 
CL =150 
pF 
22 
30 
38 
45 
ns 


tpZH. tpZL 
Maximum 
Output 
RL =1 kO 
I CL=50pF 
15 
30 
38 
45 
ns 


Enable Time 
I CL =150 
pF 
20 
40 
50 
60 
ns 


tpHZ. tpLZ 
Maximum 
Output 
RL =1 kO 
15 
30 
38 
45 
ns 


Disable Time 
CL =50pF 


tTHL. tTLH 
Maximum 
Output 
CL =50pF 
6 
12 
15 
18 
ns 


Rise and Fall Time 


CIN 
Maximum 
Input 
5 
10 
10 
10 
pF 


Capacitance 


COUT 
Maximum 
Output 
15 
20 
20 
20 
pF 


Capacitance 


CPO 
Power Dissipation 
(per output) 
G=Vcc 
12 
pF 


Capacitance 
(Note 5) 
G=GND 
50 
pF 


AC Electrical Characteristics 
MM54HCT241/MM74HCT241. 
MM54HCT244/MM74HCT244 


Vcc=5.0V. 
t,=tf=6 
ns TA=25"C. 
(unless 
otherwise 
specified) 


Symbol 
Parameter 
Conditions 
Typ 
Guaranteed 
Units 
Limits 


tpHL. tpLH 
Maximum 
Output 
CL =45 
pF 
13 
20 
ns 
Propagation 
Delay 


tpZL. tpZH 
Maximum 
Output 
CL =45 
pF 
17 
28 
ns 
Enable Time 
RL =1 kO 


tpLZ. tpHZ 
Maximum 
Output 
CL =5 
pF 
15 
25 
ns 
Disable Time 
RL =1 kO 


AC Electrical Characteristics 
MM54HCT241/MM74HCT241. 
MM54HCT244/MM74HCT244 


Vcc=5.0V 
±10%. 
tr=tf=6 
ns (unless 
otherwise 
specified) 


TA=25°C 
74HCT 
54HCT 


Symbol 
Parameter 
Conditions 
TA = -40 
to 85°C 
TA= 
-55 
to 125°C 
Units 
Typ 
Guaranteed 
Limits 


tpHL. tpLH 
Maximum 
Output 
CL =50 
pF 
14 
23 
29 
34 
ns 


Propagation 
Delay 
CL =150 
pF 
17 
33. 
411 
49 
ns 


tpZH. tpZL 
Maximum 
Output 
RL =1 kO 
I CL =50pF 
17 
30 
38 
45 
ns 


Enable Time 
I CL =150 
pF 
22 
40 
50 
60 
ns 


tpHZ. tpLZ 
Maximum 
Output 
RL =1 kO 
17 
30 
38 
45 
ns 


Disable Time 
CL =50 
pF 


tTHL. tTLH 
Maximum 
Output 
CL =50pF 
6 
12 
15 
18 
ns 


Rise and Fall Time 


CIN 
Maximum 
Input 
5 
10 
10 
10 
pF 


Capacitance 


COUT 
Maximum 
Output 
15 
20 
20 
20 
pF 


Capacitance 


CPO 
Power Dissipation 
(per output) 
G=Vcc 
12 
pF 


Capacitance 
(Note 5) 
G=GND 
45 
pF 


Note 5: CPOdeterminestheno loaddynamicpowerconsumption,Po~ Cpo Vcc2 f+ Ice Vcc,and theno loaddynamiccurrentconsumption,Is= CpoVcc f+ Ice. 
Note 6: Referto Section1 for TypicalMM54174HCTAC SWitchingWaveformsandTest Circuits. 


~Nal1onal 
~ 
semiconductor 


MM54HCT245/MM74HCT245 
Octal TRI-STATE® Transceiver 


General Description 


This TRI-STATE 
bi-directional 
buffer 
utilizes 
microCMOSTM 
Technology, 
3.0 micron 
silicon 
gate 
N-well 
CMOS, 
and 
is 
intended 
for 
two-way 
asynchronous 
communication 
be- 
tween 
data 
buses. 
They 
have 
high 
drive 
current 
outputs 
which 
enable 
high speed operation 
even when driving 
large 
bus 
capacitances. 
These 
circuits 
possess 
the 
low 
power 
consumption 
of CMOS 
circuitry, 
yet have speeds 
compara- 
ble to low power 
Schottky 
TTL circuits. 


All three devices 
are TTL input compatible 
and can drive up 
to 15 LS-TTL 
loads, 
and all inputs are protected 
from dam- 
age due to static 
discharge 
by diodes 
to Vcc 
and ground. 


MM54HCT245/MM74HCT245 
has one active low enable in- 
put (G), and a direction 
control 
(DIR). When the DIR input is 
high, data flows 
from 
the A inputs 
to the B outputs. 
When 
DIR is low, data flows 
from 
B to A. 


MM54HCT /7 4HCT 
devices 
are 
intended 
to 
interface 
be- 
tweeh 
TTL 
and 
NMOS 
components 
and 
standard 
CMOS 


A8 
1.1 
A8 
GND 


TLiF/5165-1 


MM54HCT245/MM74HCT245 


devices. 
These 
parts are also plug in replacements 
for LS- 
TTL devices 
and can be used to reduce 
power consumption 
in existing 
designs. 


Features 


• 
TTL Input Compatible 


• 
Octal 
TRI-STATE 
outputs 
for /LP bus applications: 


6 mA, typo 


• 
High speed: 
12 ns typical 
propagation 
delay 


• 
Low Power: 
80 /LA (74 Series) 


Control 
OperatIon 
Inputs 


G 
DIR 
245 


L 
L 
B data to A bus 


L 
H 
A data to B bus 


H 
X 
isolation 


Absolute Maximum Ratings 
(Notes 
1 & 2) 
Operating Conditions 


Supply Voltage 
(Vcel 
-0.5 
to +7.0V 
Mln 
Max 
Units 


DC Input Voltage 
(VIN) 
-1.5 
to Vcc+1.5V 
Supply Voltage(Vcel 
4.5 
5.5 
V 


DC Output Voltage 
(VOUT) 
-0.5 
to Vce+0.5V 
DC Input or Output 
Voltage 
0 
Vce 
V 


Clamp Diode Current 
(11K,10K> 
±20mA 
(VIN,VOUT) 


DC Output Current, 
per pin (lOUT) 
±35mA 
Operating 
Temperature 
Range(T A> 
MM74HCT 
-40 
+85 
'C 
DC VCC or GND Current, 
per pin (Icel 
±70mA 
MM54HCT 
-55 
+125 
'C 
Storage 
Temperature 
Range (TSTG) 
-65'C 
to + 150'C 
Input Rise or Fall Times 
Power Dissipation 
(Po) (Note 3) 
500mW 
(t,., tf) 
500 
ns 


Lead Temperature 
(TtJ (Soldering 
10 seconds) 
260'C 


DC Electrical Characteristics 


(Vcc = 5V ± 10%, 
unless 
otherwise 
specified.) 


TA=25'C 
74HCT 
54HCT 


Symbol 
Parameter 
Conditions 
TA = -40 
to 85'C 
TA= 
-55 
to 125'C 
Units 


Typ 
Guaranteed 
Limits 


VIH 
Minimum 
High Level 
2.0 
2.0 
2.0 
V 


Input Voltage 


VIL 
Maximum 
Low Level 
0.8 
0.8 
0.8 
V 


Input Voltage 


VOH 
Minimum 
High Level 
VIN = VIH or VIL 


Output Voltage 
IIOUTI = 20 ",A 
Vce 
Vce-0.1 
Vce-0.1 
Vcc-0.1 
V 


IIOUTI=6.0mA, 
Vcc=4.5V 
4.2 
3.98 
3.84 
3.7 
V 


IIOUTI=7.2 
mA, Vcc=5.5V 
5.7 
4.98 
4.84 
4.7 
V 


VOL 
Maximum 
Low Level 
VIN = VIH or VIL 


Voltage 
IIOUTI = 20 ",A 
0 
0.1 
0.1 
0.1 
V 


IIOUTI=6.0 
mA. Vce=4.5V 
0.2 
0.26 
0.33 
0.4 
V 


IIOUT/=7.2 
m~. Vce=5.5V 
0.2 
0.26 
0.33 
0.4 
V 


fiN 
Maximum 
Input 
VIN=VceorGND 
±0.1 
±1.0 
±1.0 
",A 
Current 


loz 
Maximum 
Tri-State 
VOUT=VccorGND 
±0.5 
±5.0 
±10 
",A 
Output 
Leakage 
G=VIH 


Current 


Ice 
Maximum 
Quiescent 
VIN = Vce or GND 
8 
80 
160 
",A 
Supply Current 
10UT=0",A 


VIN = 2.4V or 0.4V (Note 4) 
100 
",A 


Note 
1: Absolute 
Maximum 
Ratings are those values beyond which damage to the device may occur. 


Note 
2: Unless otherwise 
specified 
all voltages are referenced 
to ground. 


Note 
3: Power 
Oissipatkm 
temperature 
derating 
- 
plastic 
"N" 
package: 
-12 
mWI'C 
from 
65'C 
to 85'C; 
ceramic 
"J" 
package: 
-12 
mWI'C 
from 
100'C to 125'C. 


NOle 4: Measured 
per input. All other inputs at Vcc or ground. 


po- 
VCC=5.0V, 
tr=tf=6 
ns, TA=25°C, 
(unleSS otherwise 
speCified) 
o:I: 
"'l:I' 
••••• 
:E 
:E 
...••. 
II) 
"'l:I' 
C'I 


~:I: 
~ 
AC Electrical 
Characteristics 
MM54HCT245174HCT245 
:E 
Vcc=5.0V 
±100/0, tr=tf=6 
ns (unless 
otherwise 
specified) 
:E 


Symbol 
Parameter 
Conditions 
Typ 
Guaranteed 
Units 
Limit 


tpHL, tpLH 
Maximum 
Output 
CL =45pF 
15 
20 
ns 


Propagation 
Delay 


tpZL. tpZH 
Maximum 
Output 
CL =45pF 
18 
28 
ns 


Enable Time 
RL =1 kO 


tpLZ,tpHZ 
Maximum 
Output 
CL =5 
pF 
16 
25 
ns 


Disable Time 
RL =1 kO 


TA=25°C 
74HCT 
54HCT 


Symbol 
Parameter 
Conditions 
TA= 
-40 
to 85°C 
TA= 
-55 
to 125°C 
Units 
Typ 
Guaranteed 
Limits 


tpHL,tpLH 
Maximum 
Output 
CL =50 
pF 
14 
23 
29 
34 
ns 


Propagation 
Delay 
CL =150 
pF 
17 
30 
38 
45 
ns 


tpZH, tpZL 
Maximum 
Output 
RL = 1 kO I CL = 50 pF 
17 
30 
38 
45 
ns 


Enable Time 
I CL=150pF 
20 
35 
43 
52 
ns 


tpHZ, tpLZ 
Maximum 
Output 
RL =1 kO 
18 
30 
38 
45 
ns 


Disable Time 


tTHL, tTLH 
Maximum 
Output 
CL =50pF 
8 
12 
15 
18 
ns 


Rise and Fall Time 


CIN 
Maximum 
Input 
5 
10 
10 
10 
pF 


Capacitance 


COUT 
Maximum 
Output 
15 
20 
20 
20 
pF. 


Capacitance 


CPO 
Power Dissipation 
(Note 5) G = Vcc 
pF 


Capacitance 
G = GND 


Note 5: CPO determines the no load power consumption, PO=CPD 
Vcc2 f+lcc 
VCC. and the no load dynamk: current consumption, IS=Cpo 
Vcc f+ 
Icc. 


Hol.6: 
Refer to Section 1 for Typical MM54174HCT 
AC SW~ching Waveforms 
and Test Circuits. 


'?ANational 
~ 
semiconductor 


MM54HCT373/MM74HCT373 
TRI-STATE® Octal D-Type Latch 
MM54HCT37 4/MM7 4HCT37 4 
TRI-STATE Octal D-Type Flip-Flop 


General 
Description 


The 
MM54HCT373/MM74HCT373 
Octal 
O-TYPE 
LATCH- 
ES and 
MM54HCT374/MM74HCT374 
Octal 
O-TYPE 
FLIP 
FLOPS 
utilize microCMOSTMlechnology, 
3.0 micron 
silicon 
gate 
N-well 
CMOS, 
which 
provides 
the inherent 
benefits 
of 
low power 
consumption 
and wide 
power 
supply 
range, 
but 
are LS-TTL 
input and output 
characteristic 
& pinout compat- 
ible. The TRI-STATE 
outputs 
are capable 
of driving 
15 LS 
TTL 
loads. 
All 
inputs 
are 
protected 
from 
damage 
due 
to 
static 
discharge 
by internal 
diodes 
to Vcc and ground. 


When 
the 
MM54HCT~73/MM74HCT373 
LATCH 
ENABLE 
input 
is high, the Q outputs 
will follow 
the 
0 inputs. 
When 
the LATCH 
ENABLE 
goes 
low, data at the 0 inputs 
will be 
retained 
at the 
outputs 
until 
LATCH 
ENABLE 
returns 
high 
again. 
When 
a high 
logic 
level 
is applied 
to the 
OUTPUT 
CONTROL 
input, all outputs 
go to a high impedance 
state, 
regardless 
of what 
signals 
are present 
at the other 
inputs 
and the state 
of the storage 
elements. 


The 
MM54HCT374/MM74HCT374 
are 
positive 
edge 
trig- 
gered flip-flops. 
Data at the 0 inputs, 
meeting 
the setup and 
hold time requirements, 
are transferred 
to the Q outputs 
on 
positive 
going transitions 
of the CLOCK 
(CK) input. When a 
high logic level 
is applied 
to the OUTPUT 
CONTROL 
(OC) 
input, 
all 
outputs 
go 
to 
a 
high 
impedance 
state, 


MM54HCT373/MM74HCT373 


54HCT373 
(J) 
74HCT373 
(J,N) 


regardless 
of what 
signals 
are present 
at the other 
inputs 
and the state of the storage 
elements. 


MM54HCT IMM74HCT 
devices 
are intended 
to interface 
be- 
tween 
TTL 
and 
NMOS 
components 
and 
standard 
CMOS 
devices. 
These 
parts 
are also plug in replacements 
for LS- 
TTL devices 
and can be used to reduce 
power consumption 
in existing 
designs. 


Features 


• 
TTL input characteristic 
compatible 


• 
Typical 
propagation 
delay: 
15 ns 


• 
Low input current: 
1 IJ-A maximum 


• 
Low quiescent 
current: 
80 IJ-A maximum 


• 
Compatible 
with bus-oriented 
systems 


• 
Output 
drive capability: 
15 LS-TTL 
loads 


10 


GND 


TLIF/5367-2 
MM54HCT374/MM74HCT374 


54HCT374 
(J) 
74HCT374 
(J,N) 


Absolute 
Maximum Ratings 
(Notes 
1 & 2) 
Operating 
Conditions 


Supply Voltage 
(Vcc) 
-0.5 
to + 7.0V 
Mln 
Max 
Units 


DC Input Voltage 
(VIN) 
-1.5 
to Vcc+1.5V 
Supply Voltage(Vcc) 
4.5 
5.5 
V 


DC Output Voltage 
(VOUT) 
-0.5 
to Vcc+0.5V 
DC Input or Output Voltage 
0 
Vcc 
V 


Clamp Diode Current 
(11K. 10K> 
±20mA 
(VIN.VOUT) 


DC Output 
Current. 
per pin (lOUT) 
±35mA 
Operating 
Temperature 
Range(T Al 
MM74HCT 
-40 
+85 
·C 
DC Vee or GND Current. 
per pin (Ieel 
±70mA 
MM54HCT 
-55 
+125 
·C 
Storage 
Temperature 
Range (TSTG) 
-65·Cto 
+ 150·C 
Input Rise or Fall Times 
Power Dissipation 
(Po) (Note 3) 
500mW 
(tr• tf) 
500 
ns 


Lead Temperature 
(Tu (Soldering 
10 seconds) 
260·C 


DC Electrical 
Characteristics 
, 
, 


VCC=5V 
±10% 
(unless 
otherwise 
specified) 


TA=25·C 
74HCT 
54HCT 


Symbol 
Parameter 
Conditions 
TA= 
-40to 
85·C 
TA= 
-55 
to 125"C 
Units 
Typ 
Guaranteed 
Limits 


VIH 
Minimum 
High Level 
2.0 
2.0 
2.0 
V 


Input Voltage 


VIL 
Maximum 
Low Level 
0.8 
0.8 
0.8 
V 


Input Voltage 


VOH 
Minimum 
High Level 
VIN = VIH or VIL 
Output Voltage 
IIOUTI=20,..A 
Vee 
Vee-0.1 
Vcc-0.1 
Vcc-0.1 
V 


IloUTI =6.0 
mA. Vee=4.5V 
4.2 
3.98 
3.84 
3.7 
V 


IIOUTI=7.2 
mA. Vcc=5.5V 
5.7 
4.98 
4.84 
4.7 
V 


VOL 
Maximum 
Low Level 
VIN=VIHorVIL 
Voltage 
IIOUTI=20 
,..A 
0 
0.1 
0.1 
0.1 
V 


IIOUTI=6.0 
mA. Vcc=4.5V 
0.2 
0.26 
0.33 
0.4 
V 


IIOUTI=7.2 
mA. Vee=5.5V 
0.2 
0.26 
0.33 
0.4 
V 


IIN 
Maximum 
Input 
VIN = Vcc or GND 
±0.1 
±1.0 
±1.0 
,..A 


Current 


loz 
Maximum 
TRI-STATE 
VOUT=VCC 
or GND 
±0.5 
±5.0 
±10 
,..A 


Output 
Leakage 
Enable=VIH 
orVIL 


Current 


Ice 
Maximum 
Quiescent 
VIN=VCC 
or GND 
8.0 
80 
160 
,..A 


Supply Current 
IOUT=O,..A 


VIN = 2.4V or OAV (Note 4) 
100 
,..A 


Note 
1: Absolute 
Maximum 
Ratings are those values beyond whicl1 damage to the device may occur. 


Note 
2: Unless otherwise 
specified all voltages 
are referenced 
to ground. 


Note 
3: Power 
Dissipation 
temperature 
derating 
- 
plastic 
"N" 
package: 
-12 mWrC from 
65'C 
to 85'C; 
ceramic 
"J" 
package: 
-12 
mWrC 
from 
100"C to 125'C. 


Note 
4: Measured 
per pin. All others tied to VCC or ground. 


AC Electrical Characteristics 
MM54HCT373/MM74HCT373 


Vcc=5.0V.Ir=tf=6 
ns TA=25'C 
(unless 
otherwise 
specified) 


Symbol 
Parameter 
Conditions 
Typ 
Guaranteed 
Units 
Limit 


tpHL. tpLH 
Maximum 
Propagation 
Delay 
CL =45pF 
18 
25 
ns 


Data to Output 


tpHL. tpLH 
Maximum 
Propagation 
Delay 
CL =45 
pF 
21 
30 
ns 


Latch Enable to Output 


tpZH. tpZL 
Maximum 
Enable 
Propagation 
Delay 
CL =45pF 
20 
28 
ns 


Control 
to Output 
RL =1 kO 


tpHZ. tpLZ 
Maximum 
Disable 
Propagation 
Delay 
CL =5 
pF 
18 
25 
ns 


Control 
to Output 
RL =1 kO 


tw 
Minimum 
Clock Pulse Width 
16 
ns 


Is 
Minimum 
Setup TIme Data to Clock 
5 
ns 


tH 
Minimum 
Hold Time Clock to Data 
10 
ns 


AC Electrical Characteristics 
MM54HCT373/MM74HCT373 


Vcc=5.0V 
±10%. 
tr=tf=6 
ns (unless 
otherwise 
specified) 


TA=25'C 
74HCT 
54HCT 


. Symbol 
Parameter 
Conditions 
TA= 
-40 
to 85'C 
TA= 
-55 
to 125'C 
Units 
Typ 
Guaranteed 
Limits 


tpHL, tPLH 
Maximum 
Propagation 
CL =50 
pF 
22 
30 
37 
45 
ns 
Delay Data to Output 
CL =150pF 
30 
40 
50 
60 
ns 


tpHL, tpLH 
Maximum 
Propagation 
Delay 
CL =50 
pF 
25 
35 
44 
53 
ns 


Latch Enable to Output 
CL =150 
pF 
32 
45 
56 
68 
ns 


tpZH. tpZL 
Maximum 
Enable 
Propagation 
CL =50 
pF 
21 
30 
37 
45 
ns 


Delay Control 
to Output 
CL =150 
pF 
30 
40 
50 
60 
ns 


RL =1 kO 


tpHZ. tpLZ 
Maximum 
Disable 
Propagation 
CL =50 
pF 
21 
30 
37 
45 
ns 
Delay Control 
to Output 
RL =1 kO 


tw 
Minimum 
Clock Pulse Width 
16 
20 
24 
ns 


Is 
Minimum 
Setup Time Data to Clock 
5 
6 
8 
ns 


tH 
Minimum 
Hold Time Clock to Data 
10 
13 
20 
ns 


CIN 
Maximum 
Input Capacitance 
10 
10 
10 
pF 


GoUT 
Maximum 
Output Capacitance 
20 
20 
20 
pF 


CPO 
Power Dissipation 
Capacitance 
(Note 5) 
G=Vcc 
pF 
G=GND 
pF 


Truth Tables 


'373 
'374 


Output 
Enable 
Data 
373 
573 
Output 
Clock 
Data 
Output 
Output 
Control 
G 
Output 
Output 
Control 
(374) 
(534) 


L 
H 
H 
H 
L 
L 
t 
H 
H 
L 


L 
H 
L 
L 
H 
L 
t 
L 
L 
H 


L 
L 
X 
00 
00 
L 
L 
X 
00 
00 


H 
X 
X 


/ 
Z 
Z 
H 
X 
X 
Z 
Z 


H = highlevel,L ~ low level 
H ~ HighLevel,L = Low Level 


00 - 
level of output before steady-state input conditions 
X ~ Don'l Care 


were established. 
t = Transttlonfrom low-lo-hlgh 


Z = highImpedence 
Z = Highimpedancestate 
00 = Thelevelof the outputbeforesteadystate Inputcond~ 
tionswere established. 


AC Electrical Characteristics 
MM54HCT374/MM74HCT374 


Vcc=5.0V.t,.=tf=6 
ns TA=25°C 
(unless 
otherwise 
specified) 


Symbol 
Parameter 
Conditions 
Typ 
Guaranteed 
Units 
Limit 


fMAX 
Maximum 
Clock Frequency 
50 
30 
MHz 


tPHL. tpLH 
Maximum 
Propagation 
Delay 
CL =45 
pF 
20 
32 
ns 


fo Output 


tpZH. tpZL 
Maximum 
Enable 
Propagation 
Delay 
CL =45pF 
19 
28 
ns 


Control 
to Output 
RL =1 kO 


tpHZ. tpLZ 
Maximum 
Disable 
Propagation 
Delay 
CL =5pF 
17 
25 
ns 


Control 
to Output 
RL =1 kO 


tw 
Minimum 
Clock Pulse Width 
20 
ns 


ts 
Minimum 
Setup Time Data to Clock 
5 
ns 


tH 
Minimum 
Hold Time Clock to Data 
16 
ns 


AC Electrical Characteristics 
MM54HCT374/MM74HCT374 


Vcc=5.0V 
±10%.t,.=tf=6 
ns (unless 
otherwise 
specified) 


TA=25"C 
74HCT 
54HCT 


Symbol 
Parameter 
Conditions 
TA= 
-40 
to 85°C 
TA= 
-55 
to 125°C 
Units 
Typ 
Guaranteed 
Limits 


fMAX 
Maximum 
Clock 
30 
24 
20 
MHz 


Frequency 


tpHL. tpLH 
Maximum 
Propagation 
Delay 
CL =50 
pF 
22 
36 
45 
48 
ns 


to Output 
CL=150pF 
30 
46 
57 
69 
ns 


tpZH. tpZL 
Maximum 
Enable 
Propagation 
CL =50 
pF 
21 
30 
37 
45 
ns 


Delay Control 
to Output 
CL =150 
pF 
30 
40 
50 
60 
ns 


RL =1 kO 
ipHZ•tpLZ 
Maximum 
Disable 
Propagation 
CL =50pF 
21 
30 
37 
45 
ns 


Delay Control 
to Output 
RL =1 kO 


tw 
Minimum 
Clock Pulse Width 
16 
20 
24 
ns 


ts 
Minimum 
Setup Time Data to Clock 
20 
25 
30 
ns 


tH 
Minimum 
Hold Time Clock to Data 
5 
5 
5 
ns 


CIN 
Maximum 
Input Capacitance 
10 
10 
10 
pF 


COUT 
Maximum 
Output Capacitance 
20 
20 
20 
pF 


CPO 
Power Dissipation 
Capacitance 
(Note 5) 
G=Vcc 
pF 


G=GND 
pF 


Note 5: CPOdeterminesthe no load powerconsumption,Po-CPO Vcc2 f+ICC Vee, andthe no loaddynamiccurrentconsumption,Is~Cpo Vee f+ Ice. 
Note 6: Referto Section1 for TypicalMM54174HCTAC SW~cflingWaveformsandTest Circuits. 


i: 
Logic Diagrams 
i: 
U'I 
oI:lo 


MM54HCT373/MM74HCT373 
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MM54HCT374/MM74HCT374 
•••••• 
oI:lo 
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TLiF/5367-5 


~ 


MM54HCT640/MM74HCT640 
Inverting Octal TRI-STATE® Transceiver 
MM54HCT643/MM74HCT643 
True-Inverting 
Octal TRI-ST ATE Transceiver 


General Description 
. 
These 
TRI-STATE 
bi-directional 
buffers 
utilize 
micro- 
CMOSTMTechnology, 3.0 micron silicon gate N-well CMOS, 
and are intended for two-way asynchronous communication 
between data buses. They have high drive current outputs 
which enable high speed operation even when driving large 
bus capacitances. These circuits possess the low power 
consumption of CMOS circuitry, yet have speeds compara- 
ble to low power Schottky TIL circuits. 


All devices are TIL input compatible and can drive up to 15 
LS-TIL loads, and all inputs are protected from damage due 
to static discharge by diodes to Vcc and ground. 
80th 
the 
MM54HCT640/MM74HCT640 
and 
the 
MM54HCT643/MM74HCT643 have one active low enable 
input (G), and a direction control (DIR). When the DIR input 
is high, data flows from the A inputs to the 8 outputs. When 
DIR is low, data flows from 8 to A. The MM54HCT6401 
MM54HCT640 transfers inverted data from one bus to the 


MM54HCT640/MM74HCT640 


54HCT640 (J) 
74HCT640 (J,N) 


other. The MM54HCT643/MM54HCT643 transfers inverted 
data from the A bus to the 8 bus and non-inverted data from 
the 8 bus to the A bus. 


MM54HCT/MM74HCT devices are intended to interlace be- 
tween TIL 
and NMOS components and standard CMOS 
devices. These parts are also plug in replacements for LS- 
TIL devices and can be used to reduce power consumption 
in existing designs. 


Features 
• 
TIL Input Compatible 
• 
Octal TRI-STATE outputs for JJ-Pbus applications: 
6 mA, typical. 


• 
High Speed: 12 ns typical propagation delay 
• 
Low power: 80 JJ-Amaximum (74HCT) 


MM54HCT643/MM74HCT643 


54HCT643 (J) 
74HCT643 (J,N) 


Control 
Operation 
Inputs 


G 
DIR 
640 
643 


L 
L 
B data to A bus 
8 data to A bus 


L 
H 
A data to 8 bus 
A data to 8 bus 


H 
X 
Isolation 
Isolation 


Absolute Maximum Ratings (Notes 
1 & 2) 
Operating Conditions 


Supply Voltage 
(Vcc) 
-0.5 
to + 7.0V 
Mln 
Max 
Units 


DC Input Voltage 
(VIN) 
-1.5 
to Vce+1.5V 
Supply Voltage(Vcel 
4.5 
5.5 
V 


DC Output Voltage 
(VOUT) 
-0.5 
to VCC+0.5V 
DC Input or Output Voltage 
0 
Vce 
V 


Clamp Diode Current 
(11K.10K> 
±20mA 
(VIN.VOUT) 


DC Output Current. 
per pin (lOUT) 
±35mA 
Operating 
Temperature 
Range(T A> 
MM74HCT 
-40 
+85 
"C 
DC Vce or GND Current. 
per pin (Icel 
±70mA 
MM54HCT 
-55 
+125 
"C 
Storage 
Temperature 
Range 
(TSTG) 
-65"Cto 
+ 150"C 
Input Rise or Fall Times 
Power Dissipation 
(Po) (Note 3) 
500mW 
(t,. tf) 
500 
ns 


Lead Temperature 
(TU (Soldering 
10 seconds) 
260"C 


DC Electrical Characteristics 
(Vcc=5V 
±10%. 
unless 
otherwise 
specified) 


TA=25"C 
74HCT 
54HCT 


Symbol 
Parameter 
Conditions 
TA= 
-40 
to 85°C 
TA= 
-55 
to 125"C 
Units 


Typ 
Guaranteed 
Limits 


VIH 
Minimum 
High Level 
2.0 
2.0 
2.0 
V 


Input Voltage 


VIL 
Maximum 
Low Level 
0.8 
0.8 
0.8 
V 


Input Voltage 


VOH 
Minimum 
High Level 
VIN = VIH or VIL 


Output Voltage 
IIOUTI = 20 IJ-A 
Vcc 
VccO.1 
VccO.1 
Vcc 0.1 
V 


IloUTI=6.0mA. 
Vce=4.5V 
4.2 
3.98 
3.84 
3.7 
V 
. 
IIOUT! = 7.2mA. Vce=5.5V 
5.7 
4.98 
4.84 
4.7 
V 


VOL 
Maximum 
Low Level 
VIN=VIHorVIL 


Voltage 
IIOUTI=20IJ-A 
0 
0.1 
0.1 
0.1 
V 


IIOUT!=6.0mA. 
Vce=4.5V 
0.2 
0.26 
0.33 
0.4 
V 


IIOUTI= 7.2mA. Vce=5.5V 
0.2 
0.26 
0.33 
0.4 
V 


IIN 
Maximum 
Input 
VIN=VceorGND 
±0.1 
±1.0 
±1.0 
IJ-A 


Current 


loz 
Maximum 
Tri-State 
VOUT=Vce 
or GND 
±0.5 
±5.0 
±10 
IJ-A 


Output 
Leakage 
Enable=VIH 
orVIL 


Current 


Ice 
Maximum 
Quiescent 
VIN = Vce or GND 
8 
80 
160 
IJ-A 
Supply Current 
10UT=OvA 
, 


VIN=2.4VorO.4V 
100 
IJ-A 
(Note 4) 


Note 1: Absolute 
Maximum 
Ratings are those values beyond which damage to the device may occur. 


Note 2: Unless otherwise 
specified 
all voltages are referenced 
to ground. 


Note 
3: Power 
Dissipation 
temperature 
derating 
- 
plastic 
UN" package: 
-12 
mWrC 
from 65"C to 85"C; ceramic 
"J" 
package: 
-12 
mWrC 
from 
100"C to 125"C. 


Note 4: Measured per input. All otller inputs held at Vcc a' ground. 


AC Electrical Characteristics 
MM54HCT640/MM74HCT640 


Vce=5.0V. 
t,=tf=6 
ns. TA = 25°C (unless 
otherwise 
specified) 


Symbol 
Parameter 
Conditions 
Typ 
Guaranteed 
Units 
Limits 


tpHL. tpLH 
Maximum 
Output 
13 
20 
ns 


Propagation 
Delay 
CL =45pF 


tpZL. tpZH 
Maximum 
Output 
RL =1 kO 
17 
28 
ns 


Enable Time 


tpLZ. tpHZ 
Maximum 
Output 
CL =5 
pF 
16 
25 
ns 


Disable Time 
RL =1 kO 


AC Electrical 
Characteristics 
MM54HCT640/MM74HCT640 


VCc=5.0V 
± 10%, t,=tf=6 
ns (unless 
otherwise 
specified) 


TA=25'C 
74HCT 
54HCT 


Symbol 
Parameter 
Conditions 
TA= 
-40 
to 85'C 
TA= 
-55 
to 125'C 
Units 
Typ 
Guaranteed 
Limits 


tPHL, tpLH 
Maximum 
Output 
CL =50 
pF 
14 
23 
29 
34 
ns 
Propagation 
Delay 
CL =150 
pF 
17 
30 
38 
45 
ns 


tpZH, tpZL 
Maximum 
Output 
RL =1kO 
I CL =50 
pF 
17 
30 
38 
45 
ns 
Enable Time 
I CL =150 
pF 
20 
35 
43 
52 
ns 


tpHZ, tpLZ 
Maximum 
Output 
RL =1kO 
18 
30 
38 
45 
ns 
Disable Time 
CL =50 
pF 


tTHL, tTLH 
Maximum 
Output 
6 
12 
15 
18 
ns 
Rise and Fall Time 


CIN 
Maximum 
Input 
5 
10 
10 
10 
pF 
Capacitance 
. 


COUT 
Maximum 
Output 
·15 
20 
20 
20 
pF 
Capacitance 


CPO 
Power Dissipation 
(per output) 
Q=Vcc 
pF 
Capacitance 
(Note 5) 
G=GND 
pF 


AC Electrical Characteristics 
MM54HCT643/MM74HCT643 


Vcc=5.0V, 
t,=tf=6 
ns, TA=25'C 
(unless 
otherwise 
specified) 


Symbol 
Parameter 
Conditions 
Typ 
Guaranteed 
Units 
Limits 


tpHL, tpLH 
Maximum 
Output 
13 
20 
ns 
Propagation 
Delay 
CL =45 
pF 


tpZL, tpZH 
Maximum 
Output 
RL =1 kO 
17 
28 
ns 
Enable Time 


tpLZ, tpHZ 
Maximum 
Output 
CL =5 
pF 
16 
25 
ns 
Disable Time 
RL =1 kO 


AC Electrical Characteristics 
MM54HCT643/MM74HCT643 


Vcc=5.0V 
± 10%, t,=tf=6 
ns (unless 
otherwise 
specified) 


TA=25'C 
74HCT 
54HCT 


Symbol 
Parameter 
Conditions 
TA= 
-40 
to 85'C 
TA = -55 
to 125'C 
Units 
Typ 
Guaranteed 
Limits 


tpHL, tpLH 
Maximum 
Output 
CL =50 
pF 
14 
23 
29 
34 
ns 
Propagation 
Delay 
CL =150 
pF 
17 
30 
38 
45 
ns 


tpZH, tpZL 
Maximum 
Output 
RL =1kO 
I CL =50 
pF 
17 
30 
38 
45 
ns 
Enable Time 
I CL =150 
pF 
20 
35 
43 
52 
ns 


tpHZ, tpLZ 
Maximum 
Output 
RL = kO 
18 
30 
38 
45 
ns 
Disable Time 
CL =50 
pF 
ns 


tTHL, tTLH 
Maximum 
Output 
6 
12 
15 
18 
ns 
Rise and Fall Time 


CIN 
Maximum 
Input 
5 
10 
10 
10 
pF 
Capacitance 


COUT 
Maximum 
Output 
15 
20 
20 
20 
pF 
Capacitance 


Cpo 
Power Dissipation 
(pe, output) 
G=Vcc 
pF 
Capacitance 
(Note 5) 
G=GND 
pF 


Note 5: Cpo determines the no load power consumption. Po=CpOVCC2f 
+ IccVcc. 
The no load dynamic current consumption, Is =CpoVcc 
+ Icc. 


Note 6: Refer to Section 1 for Typical MM54/74HCT 
AC Switching Waveforms and Test Circuits. 


~National 
~ 
semiconductor 


MM54HCT688/MM74HCT688 
8-Bit Magnitude Comparator 
(Equality Detector) 


General 
Description 


This equality detector utilizes microCMOSTMTechnology, 
3.0 micron silicon gate N-well CMOS to compare bit for bit 
two 8-bit words and indicate whether or not they are equal. 
The P= Q output indicates equality when it is low. A single 
active low enable is provided to facilitate cascading of sev- 
eral packages and enable comparison of words greater than 
8 bits. 
This device is useful in memory block decoding applica- 
tions, where memory block enable signals must be generat- 
ed from computer address information. 
The comparator combines the low power consumption of 
CMOS, but inputs are compatible with TIL logic levels, and 
the output can drive 10 low power Schottky equivalent 
loads. 


MM54HCT/MM74HCT devices are intended to interface be- 
tween TIL 
and NMOS components and standard CMOS 


devices. These parts are also plug in replacements for LS- 
TIL devices and can be used to reduce power consumption 
in existing designs. 


All inputs are protected from damage due to static dis- 
charge by diodes to Vcc and ground. 


Features 
• 
TIL Input Compatible 
• 
Typical propagation delay: 20 ns 
• 
Low quiescent current: 80 p.A maximum (74HCT series) 


• 
Large output current: 4 mA 


07 
P7 
06 
P6 
OS 
PS 
04 
P4 


11 


10 


GND 


TLIF/S016-1 
MM54HCT688/MM74HCT688 


54HCT688 (J) 
74HCT688 (J,N) 


Inputs 


Data 
£nable 
P=Q 


P,Q 
G 


P=Q 
L 
L 


P>Q 
L 
H 


P<Q 
L 
H 


X 
H 
H 


Operating 
Conditions 
Mln 
4.5 
o 


Absolute 
Maximum Ratings 
(Notes 1 & 2) 


Supply Voltage (Vccl 
-0.5 to + 7.0V 


DC Input Voltage (VIN) 
-1.5 to Vcc+1.5V 
DC Output Voltage (VOUT) 
-0.5 to Vcc+0.5V 
Clamp Diode Current (11K,10Kl 
± 20 mA 


DC Output Current, per pin (lOUT) 
± 25 mA 
DC Vce or GND Current, per pin (Ice) 
± 50 mA 
Storage Temperature Range (T8TG) 
- 65·C to + 150·C 


Power Dissipation (PD)(Note 3) 
500 mW 


Lead Temperature (TLl (Soldering 10 seconds) 
260·C 


Max 
Units 
5.5 
V 


Vcc 
V 


+85 
·C 
+125 
·C 


500 
ns 


Supply Voltage(Vccl 
DC Input or Output Voltage 
(VIN,VOUT) 
Operating Temperature Range(TAl 
MM74HCT688 
-40 
MM54HCT688 
-55 


. Input Rise or Fall Times 
(tr,tf) 


DC Electrical Characteristics 


(Vcc=5V 
±10% unless otherwise specified) 


TA=2S·C 
74HCT 
S4HCT 


Symbol 
Parameter 
Conditions 
TA=-40to8S·C 
TA= -SSto12S·C 
Units 
Typ 
Guaranteed Limits 


VIH 
Minimum High Level 
2.0 
2.0 
2.0 
V 
Input Voltage 


VIL 
Maximum Low Level 
0.8 
0.8 
0.8 
V 
Input Voltage 


VOH 
Minimum High Level 
VIN= 0.8V or 2.0V 
Output Voltage 
IIOUTI= 20 /LA 
Vce 
Vce-·1 
Vce-·1 
Vce-·1 
V 
IIOUTI= 4.0 mA. Vcc = 4.5V 
4.2 
3.98 
3.84 
3.7 
V 
IIOUTI=4.8 mA, Vcc=5.5V 
5.7 
4.98 
, 


4.84 
4.7 
V 


VOL 
Maximum Low Level 
VIN= VO.8Vor 2.0V 
Voltage 
liouTI=20 
/LA 
0 
0.1 
0.1 
0.1 
V 
IIOUTI=4.0 mA. Vce=4.5V 
0.2 
0.26 
0.33 
0.4 
V 
IIOUTI=4.8mA, Vce=5.5V 
0.2 
0.26 
0.33 
0.4 
V 


IIN 
Maximum Input 
VIN= Vce or GND 
±0.1 
±1.0 
±1.0 
/LA 
Current 


Ice 
Maximum Quiescent 
VIN=VCC or GND 
8.0 
80 
160 
/LA 
Supply Current 
10UT=0 /LA 


VIN= 2.4V or O.4V(Note 4) 
100 
/LA 


Note 1: Absolute 
Maximum 
Ratings are those values beyond 
which damage 
to the device may occur. 


Note 
2: Unless otherwise 
specffied all voltages 
are referenced 
to ground. 


Note 
3: Power 
Dissipation 
temperature 
derating 
- 
plastic 
"N" 
package: 
-12 
mWrC 
from 
6S·C to 8S·C; 
ceramic 
"J" 
package: 
-12 
mWrC 
from 
100·C to 12S·C. 


Note 4: Measured 
per pin. All other inputs held at VCC or ground. 


AC Electrical Characteristics 


Vcc=5V, 
TA=25"C, 
CL =15 
pF, tr=tf=6 
ns 


Symbol 
Parameter 
Conditions 
Typ 
Guaranteed 
Units 
Limit 


tpHL, tPLH 
Maximum 
Propagation 
19 
30 
ns 


Delay - P or Q to output 


tpHL 
Maximum 
Propagation 
13 
20 
ns 


Delay - Enable to output 


tpHL 
Maximum 
Propagation 
10 
16 
ns 


Delay - Enable to output 


AC Electrical Characteristics 


Vcc=5V 
±10%. 
CL =50 
pF, tr=tf=6 
ns (unless 
otherwise 
specified) 


TA=25"C 
74HCT 
54HCT 


Symbol 
Parameter 
Conditions 
TA = -40 
to 85"C 
TA= 
-55 
to 125"C 
Units 


Typ 
Guaranteed 
Limits 


tpHL, tpLH 
Maximum 
Propagation 
22 
34 
42 
51 
ns 


Delay - P or Q to output 


tpHL 
Maximum 
Propagation 
16 
23 
29 
35 
ns 


Delay - Enable to output 


tpLH 
Maximum 
Propagation 
13 
21 
26 
32 
ns 


Delay - Enable to output 


tTHL, tTLH 
Maximum 
Output 
Rise 
6 
15 
19 
22 
ns 


and Fall Time 


CPO 
Power Dissipation 
60 
pF 


Capacitance 
(Note 5) 


CIN 
Maximum 
Input 
5 
10 
10 
10 
pF 


Capacitance 


Note 5: CPO determines 
the no load dynamic power consumption, 
PO=CPD Vcc2 f+ICC 
VCC. and the no load dynamic current consumption, 
IS=CPD Vcc+1cc. 


Note 6: Referto Section1 for TypicalMM54174HCTAC SwitchingWaveformsandTest Circuits. 


, 


Section 6 


Enhancement 
Programs 


A + Program: A comprehensive program that utilizes Na- 
tional's experience gained from participation in the many 
Military/ Aerospace programs. 
A program that not only assures high quality but also in- 
creases the reliability of molded integrated circuits. 


The A+ program is intended for users who cannot perform 
incoming inspection of ICs or do not wish to do so, yet need 
significantly better than usual incoming quality and higher 
reliability levels for their standard integrated circuits. 


Users who specify A+ processed parts will find that the 
program: 


• 
Eliminates incoming electrical inspection. 


• 
Eliminates the need for, and thus the added cost of, inde- 
pendent testing laboratories. 


• 
Reduces the cost of reworking assembled boards. 
• 
Reduces field failures. 


• 
Reduces equipment down time. 


• 
Reduces the need for excess inventories due to yield 
loss incurred as a result of processing performed at inde- 
pendent testing laboratories. 


The A + Program Saves You Money 
It is a widely accepted fact that down-time of equipment is 
costly not only in lost hours of machine usage but also cost- 
ly in the repair and maintenance cycle. One of the added 
advantages of the A+ program is the burn-in screen, which 
is one of the most effective screening procedures in the 
semiconductor industry. Failure rates as a result of the burn- 
in can be decreased many times. The objective of burn-in is 
to stress the device much higher than it would be stressed 
during normal usage. 


Reliability vs. Quality 


The words "reliability" and "quality" are often used inter- 
changeably, as though they connoted identical facets of a 
product's merit. But reliability and quailty are different, and 
IC users must understand the essential difference between 
the two concepts in order to evaluate properly the various 
vendors' programs for products improvement that are gen- 
erally available, and National's A+ program in particular. 
The concept of quality gives us information about the popu- 
lation and faulty IC devices among good devices, and gen- 
erally relates to the number of faulty devices that arrive at a 
user's plant. But looked at in another way, quality can in- 
stead relate to the number of faulty ICs that escape detec- 
.tion at the IC vendor's plant. 


It is the function of a vendor's Quality Control arm to monitor 
the degree of success of that vendor in reducing the nUm- 
ber of faulty ICs that escape detection. Quality Control does 
this by testing the outgoing parts on a sampled basis. The 
Acceptable Quality Level (AQL) in turn determines the strin- 
gency of the sampling. As the AQL decreases it becomes 
more difficult for defective parts to escape detection, thus 
the quality of the shipped parts increases. 


The concept of reliability, on the other hand, refers to how 
well a part that is initially good will withstand its environ- 
ment. Reliability is measured by the precentage of parts that 
fail in a given period of time. 


Thus the difference between quality and reliability means 
the ICs of high quality may, in fact be of low reliability, while 
those ot low quality may be of high reliability. 


Improving the Reliability of Shipped Parts 
The most important factor that affects a part's reliability is 
its construction: the materials used and the method by 
which they are assembled. 


Reliability cannot be tested into a part. Still, there are tests 
and procedures that an IC vendor can implement which will 
subject the IC to stresses in excess of those that it will en- 
dure in actual use, and which will eliminate marginal, short- 
life parts. 


In any test of reliability the weaker parts will normally fail 
first. Further, stress tests will accelerate, or shorten, the 
time of failure of the weak parts. Because the stress tests 
cause weak parts to fail prior to shipment to the user, the 
population of shipped parts will in fact demonstrate a higher 
reliability in use. 


National's A+ Program 


National has combined the successful B+ program with the 
Military/ Aerospace processing specifications and provides 
the A+ program as the best practical approach to maxi- 
mum quality and reliability on molded devices. The following 
flow chart shows how we do it step by step. 


SEM 
Randomly selected wafers are taken from produc- 
tion regularly and subjected to SEM analysis. 


Epoxy B Processing for All Molded 
Parts 
At National, all molded semiconductors, including 
ICs, have been built by this process for some time 
now. All processing steps, inspections, and QC 
monitoring are designed to provide highly reliable 
products. (A reliability report is available that gives, 
in detail, the background of Epoxy B, the reason for 
its selection at National, and reliability data that 
proves its success.) 


Six Hour, 15O"C Bake 
This stress places the die bond and all wire bonds 
into a combined tensile and shear stress mode, and 
helps eliminate marginal bonds and electrical con- 
nections. 


High Temperature 
(100"C) Functional 
Electrical 
Test 
A high temperature test 
with voltages 
applied 


places the die under the most severe stress possi- 
ble. The test is actually performed at 100'C-15'C 
higher than the commercial ambient limit. All devic- 
es are thoroughly exercised at the 100'C ambient. 


Electrical Testing 
Every device is tested at 25'C for functional and DC 
parameters. 


Burn-In Test 
Each device is burned-in for 160 hours at a mini- 
mum junction temperature of +125'C or under 
equivalent conditions of time and temperature, as 
established by a time-temperature regression curve 
based on 0.96eV activation energy. All burn-in done 
under steady-state 
conditions 
unless otherwise 


specified. 


DC Functional and Parametric Tests 
These room-temperature functional and parametric 
tests are the normal, final tests through which all 
National products pass. 


Thermal Shock Monitor 
Samples from each package type 
are 
selected 
at 
random 
each 
week and submitted to cycles of 


liquid to liquid thermal shock - 65'C to + 150'C. In 
addition, samples are selected every four weeks 
and subjected to 2000 temperature cycles of O'C to 
+25'C. 


Tlghter-than-normal 
QC Inspection 
Plans 


Most vendors sample inspect outgoing parts to a 
0.3% AQL. When you specify the A+ program, we 
sample your parts to a 0.035% AQL at room tem- 
perature and 0.05% AQL at TA Max. This eight 
times tightening (from 0.3 to 0.035% AQL) coupled 
with three 100% electrical tests, dramatically reduc- 
es the number of "escapes" and allows us to guar- 
antee the AQLs listed below. 


Here are the QC sample plans used in our A+ test pro- 
gram: 


Test 
Electrical Functionality 
Parametric, DC 
Parametric, AC 
Electrical Functionality 
Parametric, DC 
Mechanical 
Critical 
Major 


Temperature 


25'C 
1 
25'C 
25'C 
At each temperature 


extreme. 


0.01% 
0.28% 
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B+ Program: 
a comprehensive program that assures high 
quality and high reliability of molded integrated circuits. 
The B+ program improves both the quality and the reliabili- 
ty of National's digital, linear, and CMOS Epoxy B integrated 
circuit products. It is intended for the manufacturing user 
who cannot perform incoming inspection of ICs, or does not 
wish to do so, yet needs significantly-betler-than-usual in- 
coming quality and reliability levels for standard ICs. 


Integrated circuit users who specify B+ processed parts 
will find that the program: 


• 
Eliminates incoming electrical inspection. 


• 
Eliminates the need for, and thus the added cost of, inde- 
pendent testing laboratories. 


• 
Reduces the cost of reworking assembled boards. 


• 
Reduces field failures. 


• 
Reduces equipment down time. 


Reliability 
saves 
You Money 
With the increases population of integratljd circuits in mod- 
ern electronic systems has come an increased concern with 
IC failures in such systems. 
And rightly so, for at last two reasons. 


First of all, the effect of component reliability On system 
reliability can be quite dramatic. For example, suppose that 
you, as a system manufacturer, were to choose an IC that is 
99 percent reliable. You would find that if your system used 
only 70 such ICs, the overall reliability of the system's IC 
portion would be only 50 percent. In other words, only one 
out of two of your systems would operate. The result? A 
system very costly to produce and probably very difficult to 
sell. 
Secondly, whether the system is large or small you cannot 
afford to be hounded by the spectre of unnecessary mainte- 
nance costs. Not only because labor, repair, and rework 
costs have risen-and 
promise to continue to rise-but 
also 
because field replacement may be prohibitively expensive. If 
you ship a system that contains a marginally-performing IC, 
an IC that later fails in the field, the cost of replacement may 
be-literally-hundreds 
of times more than the cost of the 
failed IC itself. 


Improving 
The Reliability 
of Shipped 
Parts 
The most important factor that affects a part's reliability is 
its construction: the materials used and the method by 
which they are assembled. 


Now, it's true that reliability cannot be tested into a part. 
Still, there are tests and procedures that an IC vendor can 
implement, which will subject the IC to stresses in excess of 
those that it will endure in actual use, and which will elimi- 
nate most marginal, short-life parts. 
In any test for reliability the weaker parts will normally fail 
first. Further, stress tests will accelerate, or shorten, the 
time to failure of the weak parts. Because the stress tests 
cause weak parts to fail prior to shipment to the user, the 
population of shipped parts will in fact demonstrate a higher 
reliability in use. 


Quality 
Improvement 
When an IC vendor specifies 100 percent final testing of its 
parts then, in theory, every shipped part should be a good 
part. However, in any population of mass-produced items 
there does exist some small percentage of defective parts. 


One of the best ways to reduce the number of such faulty 
parts is, simply, to retest the parts prior to shipment. Thus, if 
there is a one percent chance that a bad part will escape 
detection initially, retesting the parts reduces that probability 
to only 0.01 percent. (A comparable tightening of the QC 
group's sampled-test plan ensures the maintenance of the 
improved quality leveL) 


National's 
B+ 
Program 
Gets It All Together 


We've stated that the B+ program improves both the quali- 
ty and the reliability of National's molded integrated circuits, 
and pointed out the difference between those two concepts. 
Now, how do we bring them together? The answer is in the 
B+ program processing, which is a continuum of stress and 
double testing. With the exception of the final QC inspec- 
tion, which is sampled, all steps of the B+ process are 
performed on 100 percent of the program parts. The follow- 
ing flow chart shows how we do it, step by step. 


SEM 
Randomly selected wafers are taken from produc- 
tion regularly and subjected to SEM analysis. 


Epoxy 
B ProcessIng 
for All Molded 
Parts 
At National, all molded semiconductors, including 
ICs, have been built by this process for some time 
now. All processing steps, inspections, and ac 
monitoring are designed to provide highly reliable 
products. (A reliability report is available that gives, 
in detail, the background of Epoxy B, the reason for 
its selection at National, and reliability data that 
proves its success.) 


Six Hour, 150·C Bake 
This stress places the die bond and all wire bonds 
into a combined tensile and shear stress mode, and 
helps eliminate marginal bonds and electrical con- 
nections. 


High Temperature 
(100"C) Functional 
Electrical 
Test 
A high temperature test such as this with voltages 
applied places the die under the most severe stress 
possible. The test is actually performed at 100·C- 


15'C higher than the commercial ambient limit. All 
devices are thoroughly exercised at the 100'C am- 
bient. (Even though Epoxy B processing has virtual- 
ly eliminated thermal intermittents, we perform this 
test to ensure against even the remote possibility of 
such a problem. Remember, the emphasis in the 
B+ program is on the elimination of those margin- 
ally-performing devices that would otherwise lower 
field reliability of the parts.) 


DC Functional and Parametric Tests 
These room-temperature functional and parametric 
tests are the normal, final tests through which all 
National products pass. 


Thermal Shock Monitor 
Samples from each package type are 
selected at random each week and 
submitted to 100 cycles of liquid to liq- 
uid thermal shock -65'C 
to +150·C. 


In addition, samples are selected every 
four weeks and subjected to 2000 tem- 
perature cycles of O'C to +25·C. 


Tlghter-than-normal 
QC Inspection 
Plans 
Most vendors sample inspect outgoing parts to a 
0.3% AQL. When you specify the B+ program, we 
sample your parts to a 0.035% AQL at room tem- 
perature and 0.05% AQL at TA Max. This eight 
times tightening (from 0.3 to 0.035% AQL) coupled 
with two 100% electrical t.ests,dramatically reduces 
the number of "escapes" and allows us to guaran- 
tee the AQLs listed below. 


Here are the QC sampling plans used in our B+ test pro- 
gram: 


Test 
Electrical Functionality 
Parametric, DC 
Parametric, AC 
Electrical Functionality 
Parametric, DC 
Mechanical 
Critical 
Major 


Temperature 
AQL 


25'Cj 
25'C 
0.035% 


25'C 
0.1% 
At each temperature j 
0.05% 
extreme. 


0.01% 
0.28% 


MM54HC/883 
A High Speed CMOS Family for High Reliability Systems 


At 
National 
Semiconductor, 
there 
has 
historically 
been 
a 


close relationship 
between 
our growth 
in CMOS technology 


and 
our growth 
in the 
Mill Aero 
portion 
of the 
integrated 


circuit 
marketplace. 
National 
began 
manufacturing 
CMOS 


devices 
in 1971 and was one of the first companies 
to quali- 


fy CMOS 
logic 
devices 
to MIL-M-38510. 
Today, 
National 
is 


the 
acknowledged 
leader 
in advanced 
CMOS 
technology 


and 
is one 
of the 
leading 
supplier's 
of Military/Aerospace 


ICs. These 
two aspects 
of leadership 
come together 
to pro- 


vide 
the 
industry's 
premier 
Mill Aero 
logic 
family-54HCI 


883B and 54HC/883S 
high speed 
CMOS. 


National's 
54HC screening 
utilizes 
the Class B and Class S 


requirements 
of MIL-STD-883 
and MIL-M-38510. 
National's 


883B/RETSTM 
54HC 
devices 
are 
processed 
through 
the 


most compliant 
Class 
B screening 
flow offered 
off-the-shelf 


by any semiconductor 
manufacturer. 
Prior to its release 
to 


production, 
each 
device 
must pass 
the full Group 
A, B, C, 
and 0 qualification 
defined 
in Method 
5005 of MIL-STD-883. 
Production 
screening 
is 
performed 
in 
accordance 
with 


Method 
5004 
of 
MIL-STD-883, 
with 
quality 
conformance 


testing 
in accordance 
with Method 
5005. The quality confor- 


mance 
test 
frequency 
is as defined 
in MIL-M-38510. 
The 


production 
lines utilized 
operate 
with the same level of con- 


trol as the 
MIL-M-38510 
line, and use the same 
specifica- 


tions for calibration, 
rework, 
resubmission, 
and operator 
cer- 


tification 
as JAN products. 


The 
manufacturing 
system 
is tailored 
to MIL-M-38510 
be- 


cause 
we 
feel 
that 
MIL-M-38510 
provides 
clear 
and 
un- 


equivocal 
procedures. 
JAN parts have clearly 
defined 
elec- 
trical 
test and 
burn-in 
requirements. 
National 
provides 
this 


same 
level 
of 
definition 
and 
standardization 
through 
the 


RETS 
(which 
is explained 
in detail 
in National's 
Reliability 


Handbook), 
a simplified, 
but comprehensive 
description 
of 


the actual 
electrical 
testing 
perfdrmed 
on each device 
type. 


At the time of this book's 
printing, 
we are preparing 
RET's 


for the entire 
54HC/883B 
high speed 
CMOS family. 


National 
has 
also 
looked 
toward 
the 
needs 
of the 
space 


vehicle 
manufacturers, 
and 
has developed 
a program 
for 


Class S devices, 
883S/RETSTM. 
This program 
prOVides ma- 
terial screened 
to the Class S requirements 
of Method 
5004 


of MIL-STD-883, 
with quality conformance 
testing 
in accord- 


ance 
with 
the 
Class 
S requirements 
of 
Method 
5005. 
All 


883S/RETS 
devices 
are manufactured 
entirely 
in the U.S. 


The screening 
flows 
for 883B/RETS 
and 883S/RETS 
are 


shown 
in Figures 
1 and 2 respectively. 


The military 
specifications 
employed 
in the National 
screen- 


ing flows 
are dynamic 
documents. 
They are subject 
to con- 


tinual 
review 
and revision 
by the government. 
As changes 


are made to these 
key documents, 
National 
will continue 
to 


incorporate 
those 
changes 
into the 883B/RETS 
and 883S1 


RETS 
programs 
in order 
to ensure 
that the parts 
provided 


will enable 
systems 
manufacturers 
to maximize 
the reliability 


and performance 
of their equipment. 


Military 
screened 
54HC 
high 
speed 
CMOS 
devices, 
both 


Class B and Class S, will provide 
the military systems 
manu- 


facturer 
with the best combination 
of performance, 
reliabili- 


ty, and power 
consumption 
available 
in the marketplace. 


PRECAP 
VISUAL 
INSPECTION 
Mll-STO-BS3 
METHOD 2010 


CONDITION 
B 


STABLILIZATION 
BAKE 
Mll-STD-3S3 
METHOD 
1008 


CONDITION 
C 


TEMPERATURE 
CYCLING 
Mll·STD·8S3 
METHOD 1010 


CONDITION 
C 


CONSTANT 
ACCElERATION 
Mll·STO·883 
METHOD 2001 


CONDITION 
E (Yl 
ONLY) 


FINE 
lEAK 
TEST 
Mll·STD·B83 
METHOD 101. 
tOHomOK 
A OR 8 


GROSS LEAK TEST 
Mll·STD·883 
METHOD 1014 


CONDITION 
C 


QUALITY 
CONFORMANCE 
TESTING 


GROUP 
.•. - 
EACH 
SUBlOT 


GROUP 
8 - 
EACH 
LOG 
GROUP C - 
EVERY 
90 DAYS 
PER 


MICROCIRCUIT 
GROUP 
GROUP 0 - 
EVERY 6 MONTHS 
PER PACKAGE TYPE 


TL/F/9999-1 


FIGURE 
1: National's 
883B/RETSTli 
Class B screening 
flow 


NOTES: 


,. 
All 
METHOOS REFERENCED ARE Mll·STD·883 
TEST METHODS. 


2. 
THESE TESTS ARE PERFORMED 
ON A SAMPLE BASIS. 
All 
OTHER 
TESTS ARE PERFORMED 
100%. 


3. 
ACCEPTANCE 
CRITERIA 
SHAll 
BE IN ACCORDANCE WITH 


Mll·M·38510. 


4. 
THE POA FOR STATIC I AND STATiC 11BURN·IN 
SHAll 
BE 5% 


TOTAL 


5. 
THE POA INCLUDES 
.1 FAilURES. 


6. 
GROUP A AND BOND PULL AND DIE SHEAR TESTiNG 
OF GROUP 8 
MAY BE PERFORMEO ON·lIHE. 


7. All 
ELECTRICAL 
TESTiNG 
SHALL BE IN ACCORDANCE WITH 
THE 
APPliCABLE 
REfS 
OR THE APPlICABlE 
Mtl·S·3851D 
OETAll 
SPECIFICATiON. 


:I: 
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SERIALIZATION 
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All 
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I BURN·IN 
24 HRS - 
1Zsoe 
VIM-Vour-O 


INTERIM 
ElECTRICAL 
TEST 
25°C 
DC 
NOTE 7 


COMPUTE 
~s 
POA PER NOTE 4 


STATIC 
II BURN·IN 
24HRS -12Soe 


VIN-VOUT=VCC 


INTERIM 
ELECTRICAL 
TEST 
2SoC 
DC 
NOTE 7 
COMPUTE.o.s 


POA PER NOTE 4 


DYNAMIC BURN-IN 
240HR8 
-12SoC 


VIN-VOUT""O 
TO Vec 


AT 100 kHz 


INTERIM 
ELECTRICAL 
TEST 
(POST BURN-IN) 
DC Z5·C 
NOTES 5, 7 


POA-5Y. 


DRIFT (.1) 
CALCULATION 
NOTE 5 


NOTE 7 


TL/F/9999-2 
FIGURE 
2: National's 
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Class 
S CMOS screening 
flow 


Section 7 


Reliability Report 


.~. 


IIRELIABILITY REPORT 


~RELIABILITY 
RE~ORT 


INTRODUCTION 


Until recently, 
the primary 
reasons 
for the popularity 
of CMOS logic circuits 
have been low power dissipation, 
tolerance 
to wider 
variations 
in power 
supply 
voltage, 
and the flexibility 
of using a broader 
range 
of power 
supplies. 
Although 
the acceptance 
of 
CMOS in logic applications 
has been increasing 
over the past decade, 
its growth 
has been limited by its inherently 
slower 
speed 
compared 
with its bipolar 
counterparts. 


The metal gate technology, 
from which 
all of the popular 
CMOS families 
were built, typically 
yielded 
a 90 ns propagation 
delay 
for a buffered 
gate, 
and a guaranteed 
maximum 
more 
than 
double 
that, 
whereas, 
the bipolar 
equivalents 
in the popular 
low 
power 
Schottky 
family 
provided 
typical 
delay 
of 8 ns with 
maximums 
of 15. Under 
real-world 
demands 
of increasingly 
faster_ 


computer 
processing 
times, 
many systems 
simply 
could 
not use CMOS 
and at the same time meet system 
specifications. 


The arrival 
of the silicon 
gate 
process 
allowed 
CMOS 
to make 
its largest 
technological 
improvement 
since 
its inception. 
By 
employing 
this process, 
National 
Semiconductor 
has been able to increase 
CMOS speeds 
to the point where they are now equal 
to LS speeds, 
while 
still maintaining 
the earlier 
power 
dissipation 
and supply 
voltage 
attractiveness. 


Series 54HC/74HC 
High Speed CMOS was announced 
in the summer 
of 1981 and will include, 
when fully developed, 
nearly 200 
logic devices. 
Many of these 
devices 
will be equivalents 
to those 
functions 
popular 
today 
in both "LS" 
and "4000" 
families. 


Dave Tovar 


Manager, 
CMOS Product 
Engineering 


Tapan 
Pramanik 


Manager, 
CMOS Reliability 
Engineering 


III National 
semiconductor 
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KEY FEATURES 
OF THE SERIES 
54HC174HC 
FAMILY 


• 
LS speeds 
at CMOS 
power 


• 
Operation 
over a 2V to 6V power 
supply 
range 


• 
Output 
sink and source 
capability 
of 4 mA 


• 
AC guarantees 
across 
the applicable 
temperature 
range 


HIGH SPEED 
(HC) CMOS DEVICE 
FABRICATION 


High Speed CMOS wafer fabrication 
is designed 
to produce 
reliable, 
high performance 
devices 
which 
require 
minimum 
handling 
restrictions. 
At National 
Semiconductor, 
these 
objectives 
are achieved 
through 
the use of advanced 
materials, 
process 
innova- 
tions, 
and rigorous 
controls. 


This high speed 
logic family 
represents 
an advanced 
3.5 micron, 
single 
metal, 
polysilicon 
gate, oxide-isolated 
C~;OS 
process. 
This 
process 
makes 
use of advanced 
technologies, 
including 
extensive 
use of ion implantations 
to tightly 
control 
substrate 
profiles. 


National's 
HC processing 
permits 
the fabrication 
of MOS transistors 
with threshold 
voltages 
on the order of one-half 
that of the 
more conventional 
metal gate process. 
Coupled 
with thinner 
gate oxides and self-aligning 
gates, these 
lower threshold 
voltages 
allow 
higher 
speed 
circuit 
operation 
with lower 
supply voltages. 
In addition, 
the threshold 
voltage 
distribution 
from 
run to run is 
much tighter, 
so that long term 
uniformity 
of device 
characteristics 
is assured. 


Figure 
1 represents 
the cross 
section 
of the HC process 
employed 
at National. 


fill National 
Semiconductor 
Corporation, 
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ACCELERATED 
LIFE TEST 


Accelerated 
life testing 
at elevated 
temperatures 
is a principal 
method 
of simulating 
long-term 
operation 
within 
a short period 
of 
time. 
This 
method 
is particularly 
useful 
because 
it provides 
a means 
of accelerating 
time-to-failure 
of temperature 
sensitive 
failure 
mechanisms. 
As a result, 
data is gathered 
for failure 
rate predictions 
at any operating 
field ambient. 


The following 
tests 
have been conducted 
at an ambient 
temperature 
of 125°C with devices 
biased 
at a maximum 
voltage 
015.5 
volts. 
Complete 
functional 
and parametric 
testing 
to data sheet 
specifications 
is performed 
at reported 
data points. 


HIGH TEMPERATURE 
BIAS RELIABILITY 
TEST RESULTS 
125°C OPERATION 
AT 5.5 VOLTS 


CERDIP, 
GLASS 
SEALED 
HERMETIC 
DIP, J 


DeYlce 
Rei Lot # 
SS 
168 Hours 
500 Hours 
1000 Hours 


MM54HC04J 
RBC71305 
51 
1 (1) 
0 
0 


MM54HC04J 
RBC72012 
360 
1 (2), 
0 
0 


MM54HC139J 
RBC72177 
200 
0 
0 
Stopped 


MM54HC164J 
RBC72178 
192 
0 
0 
Stopped 


MM54HCOOJ 
RBC72196 
256 
0 
0 
0 


MM54HC390J 
RBC72223 
189 
0 
0 
0 


MM54HC393J 
RBC72224 
127 
~\ 


0 
0 


MM54HC04J 
RBC72346 
324 
0 
0 


MM54HC174J 
RBC72348 
255 
0 
0 
0 


Actual 
Failure 
Rate 
=2/1,757,664 
device-hours 


=0.11% 
per 1000 hrs at 125°C. 


Notes: 
(1) Parametric 
Failure 


(2) Gate Oxide .Rupture 


Device 
Rei Lot # 
SS 
168 Houri 
500 Hours 
1000 Hours 


MM54HC04N 
72011 
358 
0 
0 
0 


MM54HC04N 
72064 
384 
0 
0 
0 


MM54HC04N 
72065 
384 
0 
0 
0 


MM54HCOON 
72084 
120 
0 
0 
0 


MM54HC164N 
72142 
256 
0 
0 
0 


MM54HC688N 
72320 
122 
0 
0 
0 


MM54HC393N 
72339 
104 
1 (1) 
0 
0 


MM54HC390N 
72347 
64 
0 
0 
0 


MM54HC349N 
72349 
108 
0 
0 
0 


Actual 
Failure 
Rate 
= 
1/1,900,000 
device-hours 


= 
0.05% 
per 1000 hrs at 125°C. 


Notes: 
(1) Parametric 
Failure 


Quiescent 
current 
leakages 
were 
measured 
on molded 
pieces 
of two lots subjected 
to both 
HTOpL 
and T&H. 
Measurements 
were conducted 
before 
and after testing. 
Results 
are listed in Table 
1. 
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TABLE 
1 
Average 
Ice Shifts 
for Lots 
MM54HC04A 
RBC72064 
and RBC72065 
(Units 
In Nanoamps) 


Average 
At 
Average 
At 


Test 
Leg 
SS 
o Houra 
1000 Houra 


HTOpL 
A 
48 
4 
3 


B 
48 
21 
25 


C 
48 
0 
2 


D 
48 
0 
0 


T&H 
A 
48 
2 
19 
B 
48 
17 
12 
C 
. 
48 
16 
14 


D 
48 
18 
18 


HTOpL 
A 
48 
0 
0 
B 
48 
0 
0 
C 
48 
0 
0 


T&H 
A 
48 
0 
0 
B 
48 
0 
0 
C 
48 
0 
0 


Threshold 
voltage 
measurements 
were also read before 
and after on one lot of cerdip and two lots of molded 
DIPs. Results 
are 


listed in Table 
2. 


TABLE 
2 
VT Shifts 
After 
1000 Houra 
Bum-In 
(Units 
In Volts) 


Pre 
Poat 


Avg. 
Avg. 
Avg. 
Avg. 


Lot 
Leg 
SS 
VTN 
VTP 
VTN 
VTP 


72012,J 
A 
48 
.387 
.579 
.390 
.580 


B 
48 
.347 
.570 
.402 
.580 


C 
48 
.394 
.570 
.440 
.580 


D 
48 
.350 
.567 
.336 
.580 


72064,N 
A 
48 
.470 
.580 
.472 
.570 


B 
48 
.530 
.580 
.499 
.571 


C 
48 
.400 
.527 
.467 
.570 


D 
48 
.471 
.519 
.518 
.575 


72065,N 
A 
48 
.428 
.580 
.423 
.572 


B 
48 
.453 
.579 
.448 
.570 


C 
48 
.380 
.529 
.412 
.570 


D 
48 
.402 
.526 
.453 
.572 
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RESULTS 


HC high temperature 
bias failure rates are calculated 
and derated 
at 85°C and 45°C operating 
environments 
for molded 
dual-in- 
line packages. 
The Arrhenius 
relationship 
is employed 
to compute 
the equivalent 
derated 
failure rate using an activation 
energy 
of1.0eV. 
An average 
confidence 
limit of 60% 
is reported 
for these 
derated 
figures 
as seen in Table 
3. 


Table 
3 
High Temperature 
Operating 
Life Test 
TA = 125°C, Vcc = 5.5V Static 
60% Confidence 
Level 


Dev. 
#I Fall 
A@ 
A@ 
A@ 


Device 
Lots 
Qty 
Hours 
125°C 
85°C 
45°C 


Various 
9 
1,900 
1,900,000 
1 
0.1032 
0.0039 
6.7100x10-s 


A = Failure 
Rate; 
%/1000 
Hours at Temperature. 


(This data can be further 
extrapolated 
to lower 
temperatures 
using a 1.0eV activation 
energy 
as illustrated 
in the failure 
rate 
versus 
temperature 
plot of Figure 2.) 


1000/OK 
2.5 
2.6 2.7 2.8 2.9 3.0 3.1 3.2 3.3 3.4 3.5 3.6 3.7 3.8 3.9 
0.1 


0.01 
v.i 
a:: 
% 
C)8 
.....~~ 
0.001 
....•...e 
a::.... 
a:: 
;:) 
....•c.... 


0.0001 


0.00001 
125 
50 
25 
TEMPERATURE 
lOCI 
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~,ygYl 
~""'. 
"u""ully 
It'~l at <):)'" ana IlO% 
relative 
humidity 
is the most common 
temperature/humidity 
test in use today. 
This 
is an accelerated 
test; 
that 
is, it involves 
stress 
levels 
considerably 
in excess 
of the field-use 
levels 
encountered 
by a 
device. 
The test is intended 
to trigger 
moisture-related 
failure 
mechanisms 
occurring 
over a period 
of months 
or years 
in the 
field. 
Results 
are seen below. 


Device 
Rei Lot # 
SS 
168 Hours 
SOOHours 
1000 Hours 


MM54HC04N 
RBC72011 
340 
0 
0 
0 


MM54HC04N 
RBC72064 
192 
0 
0 
0 


MM54HC04N 
RBC72065 
192 
1 (1) 
0 
1 (1) 


MM54HCOON 
RBC72084 
96 
0 
1 (1) 
0 


MM54HC393N 
RBC72339 
95 
2 (1, 2) 
0 
1 (3) 


MM54HC04N 
RBC7302S 
225 
0 
0 
0 


MM54HC390N 
RBC72347 
48 
0 
0 
0 


Cumulative 
Percent 
Failures 
at 1000 Hrs = 
6/1188 
= 
0.51% 


Note: 
1. Parametric 
Failures 


2. Continuity 
Failures 


3. Functional 
Failure 


BIASED 
PRESSURE 
POT TEST 


Another 
commonly 
used test is the "pressure 
cooker" 
test. This test is usually 
performed 
with devices 
in an operating 
mode 
while 
being 
exposed 
to saturated 
steam 
(100% 
RH). The 
most 
common 
condition 
is 115"C. At saturation, 
this temperature 
corresponds 
to a water vapor pressure 
of 1489mm 
Hg (28.8 psia). Due to its severity, 
this test is destructive 
to virtually 
all plastic 
packages. 
It creates 
failure 
mechanisms 
which 
would 
never 
be triggered 
at temperature 
and humidity 
extremes 
found 
in even 
the most severe application. 
For this reason, 
the test is limited to a relative 
few number 
of hours, and results 
are interpreted 
on a 
purely qualitative, 
comparative 
basis. 


Biased 
Pressure 
Pot Test 
Results 
TA=11S"C, 
Vcc=S.SV 


Device 
Rei Lot # 
SS 
96 Hours 
192 Hours 


MM54HC04N 
RBC72064 
75 
0 
0 
MM54HC04N 
RBC72065 
75 
0 
0 
MM54HCOON 
RBC72084 
75 
0 
0 
MM54HC04N 
RBC73025 
148 
0 
0 
MM54HC174N 
RBC73024 
54 
0 
1 


IMPROVED 
INPUT PROTECTION 


The single 
most prevalent 
cause 
of "infant 
mortality" 
field failures 
in CMOS 
microcircuits 
is generally 
gate oxide damage. 
This 
can result from any transient 
voltage 
condition, 
such as electrostatic 
discharge 
(ESD), inductive 
spikes, 
etc. An improved 
input 
protection 
circuitry 
which 
takes 
full 
advantage 
of the 
HC silicon 
gate 
process 
has 
been 
carefully 
designed 
to reduce 
the 
susceptibility 
of these 
HC circuits 
to oxide 
ruptures 
due to large static 
voltages. 


In conjunction 
with the input protection, 
the output 
parasitic 
diodes 
also protect 
the circuit 
from 
large static 
voltages 
occurring 
between 
any input, output, 
or supply 
pin. 
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Figure 
3 shows 
a schematic 
of the input protection 
network 
employed. 
The network 
consists 
of three 
elements: 
a polysilicon 
resistor, 
a diode connected 
to Vcc, 
and a distributed 
diode resistor 
connected 
to ground. 
This HC process 
utilizes the polyresis- 
tor to more effectively 
isolate 
the input diodes 
than the diode 
resistor 
used in metal gate CMOS. 
This resistor 
will slow down 
incoming 
transients 
and also helps to dissipate 
some of the energy. 
Connected 
to the resistor 
are the two diodes 
which 
clamp 
the input spike 
and prevent 
large voltages 
from 
appearing 
across 
the transistor. 
These 
diodes 
are larger 
than those 
used 
in 
metal gate CMOS, to enable 
greater 
current 
shunting 
and make them less susceptible 
to damage. 
The input network 
is ringed by 
Vcc 
and ground 
diffusions, 
which 
prevent 
the substrate 
currents 
caused 
by these 
transients 
from 
affecting 
other 
circuitry. 


The parasitic 
output 
diodes 
that isolate the output 
transistor 
drains from the substrate 
are also important 
in preventing 
damage. 


They clamp 
large voltages 
that appear 
across 
the output 
pins. These 
diodes 
are also ringed 
by Vcc 
and ground 
diffusions 
to 
again shunt 
substrate 
currents, 
thus preventing 
damage 
to other 
parts of the circuit. 


OUTPUT 
DIODES 
POLYSILICON 
RESISTOR 


DIFFUSED DIODE 
RESISTOR 


Input gates 
of twenty 
MM54HCOON 
were subjected 
to a high voltage 
(VZAP) burst in order to test input protection 
circuits. 
The 
inputs under test were subjected 
to a voltage 
pulse from a 100 pF source 
charged 
to 1000V and 2000V 
respectively, 
according 
to the test circuit 
shown 
in Figure 
4. 


POWER 
SUPPLY 


2 
R2 


" 
~TDDEVICE 
J.... Cl 
UNDER TEST 


Rl =current 
limiting resistor; 
R2 = 1.5k 
FIGURE 4. High Speed logic 
Input Protection 
VZAP Test 
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Positive 
Negative 


(1) Voo 
Input 
(2) Input 
Voo 
(3) Input 
Vss 
(4) Vss 
Input 
(5) Output 
Input 
(6) Input 
Output 


VZAP six times 
(6 X) for each condition. 


ZAP results 
appear 
in Table 
4. 


TABLE 4 
VZAPTest Results 


Condition 1 
Condition 2 


Voltage 
1000V 
2000V 
Capacitance 
100 pF 
100 pF 
Energy Discharged 
50,.w 
200/'oJ 
Result 
0/20· 
0/20· 


HIGH SPEED LOGIC HTOPL BUY-QFF 


In addition 
to ongoing 
long-term 
reliability 
studies 
and audits. 
National 
does an initial 
168 hours 
high temperature 
bias design 
buy-off 
on every 
single 
HC product 
type 
before 
it is released 
into production. 
The primary 
reason 
behind 
this program 
is to 
assure the capture 
of any design-related 
reliability 
problem 
which 
might pass through 
all electrical 
tests. Accelerated 
conditions 
are the same as previously 
mentioned. 
i.e .• TA = 125°C. Vcc=5.5 
volts. 
burn-in 
time is 168 hours. 


Device 
SS 
Results at 168 Hours 


MM74HCOON 
45 
0 
MM74HC02N 
50 
0 
MM74HC04N 
50 
0 
MM74HCU04N 
50 
0 
MM74HC08N 
49 
0 
MM74HC10J 
50 
0 
MM74HC11J 
50 
0 
MM74HC14N 
48 
0 
MM74HC73J 
50 
0 
MM74HC76J 
50 
0 
MM74HC86J 
50 
0 
MM74HC107J 
50 
0 
MM74HC112J 
40 
0 
MM74HC113J 
50 
0 
MM74HC139N 
45 
0 
MM74HC147N 
50 
0 
MM74HC151N 
50 
0 
MM74HC160J 
50 
0 
MM74HC161J 
50 
0 
MM74HC164N 
45 
0 
MM74HC174N 
45 
0 
MM74HC192N 
50 
0 
MM74HC193N 
49 
0 
MM74HC242N 
50 
0 
MM74HC251J 
50 
0 
MM74HC253N 
50 
0 
MM74HC259N 
50 
0 
MM74HC266J 
50 
0 
MM74HC390N 
49 
0 
MM74HC393N 
50 
0 
MM74HC688N 
50 
0 
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HANDLING 
AND TEST GUIDE 


Introduction 


All CMOS 
low threshold 
devices 
are susceptible 
to damage 
by the electrostatic 
discharge 
(ESD) of energy through 
the devices. 


Although 
all CMOS 
devices 
have input protection 
networks 
which 
are effective 
in a large number 
of device-handling 
situations, 
they are not effective 
in 100% 
of the cases 
(please 
refer to specific 
devices 
in National's 
CMOS 
Databook). 


In order to be totally 
safe, proper 
handling 
procedures 
must be used to eliminate 
damage 
and subsequent 
yield loss caused 
by 
static electrical 
charges. 
It is the purpose 
of this application 
guide to outline 
proper 
handling 
procedures 
for CMOS 
devices. 


General 
Handling 
Procedures 


1. The leads of CMOS devices 
must be in contact 
with conductive 
material 
to avoid build-up 
of static charge. 
Containers 
used for 
transporting 
or storing 
CMOS 
components 
should 
be made 
of such 
material 
or lined 
with 
antistatic 
protection. 
Rails 
for 
handling 
and shipping 
MOS devices 
must be made of electrically 
conductive 
material 
or be made static-free 
by an appropriate 
surface 
coating. 
In no case will CMOS devices 
be inserted 
into polystyrene 
foam or other high dielectric 
materials. 
Any surface 
coating 
which 
is not at ground 
potential 
must not come 
in direct 
contact 
with device 
pins. 


2. Devices 
must be packed 
in conductive 
containers, 
rails or envelopes 
for storing. 
In addition, 
devices 
must be kept at ground 
potential 
and should 
never come 
in contact 
with nonconductive 
plastics. 


3. All electrical 
equipment 
must be hard-wired 
to ground. 
Soldering 
iron tips, metal parts of fixtures 
and tools, 
and all handling 
systems 
must be grounded. 


Cleaning 


1. Devices 
should 
be cleaned 
by a solvent 
which will assure complete 
removal 
of foreign 
matter, 
flux, residual 
matter, 
etc., from 
the exterior 
of the package. 


2. A static 
neutralizing 
ion blower 
should 
be used when 
manually 
cleaning 
devices 
or subassemblies 
with brushes. 


3. All automatic 
cleaning 
should 
be grounded. 


4. All cleaning 
baskets 
should 
be grounded. 


Assembly 


1. Subassembly 
modules 
and printed 
circuit 
boards 
should 
be manufactured 
and handled 
using the same procedures 
as those 
described 
above 
for individual 
CMOS 
devices. 


2. CMOS 
parts should 
be the last to be inserted 
into printed 
circuit 
boards 
or systems 
so as to avoid 
overhand ling. 


3. Circuit 
boards 
containing 
CMOS 
devices 
which 
are 
being 
transported 
between 
work 
stations 
and 
test 
areas 
should 
be 
contained 
in antistatic 
material 
or have all board 
terminals 
shorted 
together 
using a conductive 
shorting 
bar. Only handling 
trays of conductive 
material 
should 
be used. 


4. All 
automatic 
insertion 
equipment, 
solder 
machines, 
metallic 
parts 
of conveyor 
systems, 
and 
soldering 
irons 
should 
be 
grounded. 


fI 
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Note: These precautions should be taken until the subassembly is inserted into the complete system in which the proper 
voltages are applied. Subassemblies should never be constructed, fixtured, stored, or transported in polystyrene or any other 
high dielectric materials. 


General Operating Procedures 


The National CMOS product line is comprised of many different device types for a variety of applications. The following 
operating procedures apply in a general sense to all CMOS devices. but reference to device specification sheets is still 
necessary to assure correct operating values. 


A. Before making any physical connections or applying any external signal sources, be sure that all power supplies are off. Be 
sure, also. to observe proper static ground conditions. 


B. Power supplies should be turned up slowly to the necessary voltages so as to avoid rapid supply changes. 
C. After power supplies have been turned on, apply external input signals. 


Note: Failure to perform the power-on procedure in this order can result in damage to CMOS circuitry. 


D. To power down, remove input signals, then turn power supplies off slowly. 


E. If CMOS devices are operated at an elevated environmental temperature, allow devices to reach room temperature before 
they are powered down. 


F. Do not leave inputs to any CMOS device unused. For NAND gates, the unused inputs should be tied to Voo; unused inputs to 
NOR gates should be tied to ground. 


Testing 


1. Use grounded metallic fixtures where possible. Any surface that is not at ground potential should not come into direct contact 
with device pins. 


2. Use a static-neutralizing ion air blower when running automatic handlers. Usa conductive handling trays when transferring 
devices. 


3. Do not insert devices or boards with power turned on. 


4. Ensure that AC signals do not cause excessive current leakage. 


Electrical Failure Modes Caused by Improper Handling 


If proper handling techniques are not followed, the generation of static electrical discharges may damage the CMOS devices. 
resulting in inoperable or degraded parts. Typical failure modes are: 
a. Shorted or open gates 


b. ShQrted input protection diodes 
c. Open metal paths in the device input circuitry 
d. Degraded device characteristics 


The presence of these failure modes can be detected easily using a transistor curve tracer. 
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Ordering and Package 
Information 


~National 
~ 
semiconductor 
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